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57) ABSTRACT 
A microcomputer is disclosed which provides for a 
dedicated DMA data and address bus connecting an 
on-chip DNA controller with on-chip memories, and 
with on-chip ports, for access to external memory and 
input/output devices. The DMA controller contains a 
control register which has two start bits, capable of 
representing four start codes. The four start codes allow 
for the unconditional starting and aborting of a DMA 
transfer, as well as for stopping the DMA after the 
current read or write operation, or after the next write 
operation (i.e., completion of a data word transfer). The 
control register also contains two status bits which the 
DMA controller writes with the status of the DMA 
operation, and also contains two synchronization bits 
for synchronizing the DMA operation in the source, 
destination, or source and destination modes (or not at 
all). Two interrupt enable registers are provided in the 
microcomputer, for independently enabling interrupts 
for the CPU and the DMA. In any of the synchroniza 
tion modes, the DMA will suspend its operation await 
ing an interrupt which is not enabled for the CPU but 
which is enabled for purposes of DMA. The use of 
system interrupts for DMA synchronization does not 
require dedicated DMA interrupt terminals for the 
microcomputer. 

40 Claims, 14 Drawing Sheets 
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1. 

DATA PROCESSING DEVICE HAVING DIRECT 
MEMORYACCESS WITH IMPROVEDTRANSFER 

CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 025,443, filed March 13, 1987. 

NOTICE 

(C) Copyright 1987 Texas Instruments Incorporated. 
A portion of the disclosure of this patent document 
contains material which is subject to copyright protec 
tion. The copyright owner has no objection to the fac 
simile reproduction by anyone of the patent disclosure, 
as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright 
rights whatsoever. 
This application is related to applications Ser. No. 

025,417, Ser. No. 025,756, and Ser. No. 025,413 all filed 
March 13, 1987, and also to application Ser. No. 
035,338, filed April 6, 1987. 

This invention relates to data processing devices, and 
specifically to the architecture of single-chip microcom 
puters in connection with direct memory access 
(DMA). 

BACKGROUND OF THE INVENTION 

A microprocessor device is a central processing unit 
or CPU for a digital processor which is usually con 
tained in a single semiconductor integrated circuit or 
"chip' fabricated by MOS/LSI technology, as shown 
in U.S. Pat. No. 3,757,306 issued to Gary W. Boone and 
assigned to Texas Instruments. The Boone patent shows 
a single-chip 8-bit CPU including a parallel ALU, regis 
ters for data and addresses, an instruction register and a 
control decoder, all interconnected using the von Neu 
mann architecture and employing a bidirectional paral 
lel bus for data, address and instructions. U.S. Pat. No. 
4,074,351, issued to Gary W. Boone, and Michael J. 
Cochran, assigned to Texas Instruments, shows a single 
chip "microcomputer' type device which contains a 
4-bit parallel ALU and its control circuitry, with on 
chip ROM for program storage and on-chip RAM for 
data storage, constructed in the Harvard architecture. 
The term microprocessor usually refers to a device 
employing external memory for program and data stor 
age, while the term microcomputer refers to a device 
with on-chip ROM and RAM for program and data 
storage. In describing the instant invention, the term 
"microcomputer' will be used to include both types of 
devices, and the term "microprocessor' will be primar 
ily used to refer to microcomputers without on-chip 
ROM; since the terms are often used interchangeably in 
the art, however, it should be understood that the use of 
one or the other of these terms in this description should 
not be considered as restrictive as to the features of this 
invention. 
Modern microcomputers can be grouped into two 

general classes, namely general-purpose microproces 
sors and special-purpose microcomputers/microproces 
sors. General purpose microprocessors, such as the 
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2 
M68020 manufactured by Motorola, Inc., are designed 
to be programmable by the user to perform any of a 
wide range of tasks, and are therefore often used as the 
central processing unit in equipment such as personal 
computers. Such general-purpose microprocessors, 
while having good performance for a wide range of 
arithmetic and logical functions, are of course not spe 
cifically designed for or adapted to any particular one of 
such functions. In contrast, special-purpose microcom 
puters are designed to provide performance improve 
ment for specific predetermined arithmetic and logical 
functions for which the user intends to use the mi 
crocomputer. By knowing the primary function of the 
microcomputer, the designer can structure the mi 
crocomputer in such a manner that the performance of 
the specific function by the special-purpose microcom 
puter greatly exceeds the performance of the same func 
tion by the general-purpose microprocessor regardless 
of the program created by the user. 
One such function which can be performed by a 

special-purpose microcomputer at a greatly improved 
rate is digital signal processing, specifically the compu 
tations required for the implementation of digital filters 
and for performing Fast Fourier Transforms. Because 
such computations consist to a large degree of repetitive 
operations such as integer multiply, multiple-bit shift, 
and multiply-and-add, a special-purpose microcom 
puter can be constructed specifically adapted to these 
repetitive functions. Such a special-purpose microcom 
puter is described in U.S. Pat. No. 4,577,282, assigned to 
Texas Instruments Inc. The specific design of a mi 
crocomputer for these computations has resulted in 
sufficient performance improvement over general pur 
pose microprocessors to allow the use of such special 
purpose microcomputers in real-time applications, such 
as speech and image processing. 

Digital signal processing applications, because of 
their computation intensive nature, also are rather inten 
sive in memory access operations. Accordingly, the 
overall performance of the microcomputer in perform 
ing a digital signal processing function is not only deter 
mined by the number of specific computations per 
formed per unit time, but also by the speed at which the 
microcomputer can retrieve data from, and store data 
to, system memory. Prior special-purpose microcom 
puters, such as the one described in said U.S. Pat. No. 
4,577,282, have utilized modified versions of a Harvard 
architecture, so that the access to data memory may be 
made independent from, and simultaneous with, the 
access of program memory. Such architecture has, of 
course, provided for additional performance improve 
ment. 

However, the use of a Harvard architecture instead 
of a von Neumann architecture also provides certain 
limitations, some of which may adversely impact the 
performance of the microcomputer in digital signal 
processing applications. For example, the data and pro 
gram memory, since they are accessed by different . 
buses, generally must reside in separate address spaces, 
if not in separate physical locations. Accordingly, a first 
dedicated memory must be provided for data memory 
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and a second dedicated memory must be provided as 
program memory in the Harvard architecture. This 
limits the flexibility of the microcomputer, by prevent 
ing the use of unutilized data memory for program 
storage, and vice-versa. 

Direct memory access (DMA) is another useful func 
tion for both general and special purpose microcomput 
ers, and is an especially useful function in digital signal 
processing applications. As the performance of mi 
crocomputers has increased over time, the rate at which 
data and instructions must be provided from memory 
has also increased. On-chip DMA controllers have been 
used to relieve the central processing unit from control 
ling the provision of data and instructions to itself. 
However, control of the start and stop of a DMA trans 
fer has been accomplished by way of a single signal, 
such as a bit in a DMA control register, which has 
provided for inflexible control of the DMA operation, 
as once the DMA transfer has begun, it may not be 
stopped prior to the completed transfer of the entire 
block except by a full abort of the transfer of the block. 
Such inflexibility in the control of the DMA operation 
may waste machine cycles in certain situations, as either 
the central processing unit must idle awaiting the com 
pletion of the DMA transfer of the entire block, or the 
DMA must be unconditionally aborted and subse 
quently restarted (wasting DMA cycles). 

It would therefore be advantageous to be able to 
control DMA operation to be held at states within the 
operation, so as to allow the DMA operation to occur at 
the most efficient times, such as when not in conflict 
with the central processing unit. Such control would 
help reduce the amount of time that the central process 
ing unit is not performing useful operations, increasing 
the overall performance of the microcomputer accord 
ingly. 

It is therefore an object of this invention to provide a 
microcomputer with an on-chip DMA controller which 
has the capability of holding the transfer at various 
states therein. 

It is yet another object of the invention to provide 
such capability by using multiple bits in a control regis 
ter to select the hold states. 

It is yet another object of the invention to utilize 
system interrupts, rather than dedicated interrupt termi 
nals, for the synchronization of the DMA operation 
with external memory devices. 

Further objects and advantages of the instant inven 
tion will become apparent to those of ordinary skill in 
the art having reference to the following specification, 
together with its drawings. 

SUMMARY OF THE INVENTION 

The invention may be incorporated into a microcom 
puter which has an on-chip direct memory access 
(DMA) controller, for effecting DMA transfers with 
out requiring intervention of the central processing unit. 
The DMA controller contains a control register, for 
receiving a code indicating the desired start/stop condi 
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unconditionally aborting the DMA transfer, for indicat 
ing that the DMA controller is to stop upon completion 
of the current read or write operation, and for indicat 

4. 
ing that the DMA controller is to stop upon completion 
of the next write operation. In addition, the code may 
cause the DMA controller to unconditionally restart 
the DMA operation from its present state, such as re 
starting it if stopped after a read operation, or within a 
block being transferred. The DMA controller places 
status codes in a control register, which can be read by 
the remainder of the microcomputer. The DMA con 
troller may also be source and/or destination synchro 
nized by enabling system interrupts to affect only the 
DMA operation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electrical diagram, in block form, of a 
microcomputer constructed according to the invention. 

FIG. 2 is an electrical diagram, in block form, of the 
central processing unit of the microcomputer of FIG. 1. 
FIG. 2a is an electrical diagram, in block form, of an 

auxiliary arithmetic logic unit incorporated in the cen 
tral processing unit of FIG. 2. 
FIG. 3. is an electrical diagram, in block form, of the 

peripheral ports of the microcomputer of FIG. 1. 
FIG. 4 is an electrical diagram, in block form, of the 

controller of the microcomputer of FIG. 1. 
FIG. 4ais a timing diagram illustrating the pipeline 

feature performed by the controller illustrated in FIG. 
4. 

FIG. 4b is a diagram illustrating the interrupt enable 
registers for the central processing unit and the DMA 
controller of the microcomputer of FIG. 1. 
FIG. 5 is an electrical diagram, in schematic form, of 

logic within the controller of FIG. 4, useful in the arbi 
tration of accesses to various memory entities within the 
microcomputer of FIG. 1. 
FIG. 5a is a timing diagram of memory accesses per 

formed within the microcomputer of FIG. 1, illustrat 
ing the operation of the logic cf FIG. 5. 
FIG. 6 is an electrical diagram, in block form, of the 

DMA controller of the microcomputer of FIG. 1. 
FIG. 7 is a diagram illustrating the contents of the 

control register of the DMA controller of FIG. 7. 
FIG. 8 is an electrical diagram, in block form, of the 

construction of control logic within the DMA control 
er of FIG. T. 
FIGS. 9a and 9b are flow charts illustrating the oper 

ational sequence of a DMA operation of the DMA 
controller of FIG. 7. 

FIG. 10 is an electrical diagram, in block form, of a 
system incorporating the microcomputer of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, the architecture of a mi 
crocomputer 10 is shown, said microcomputer being 
specially adapted to digital signal processing and incor 
porating the instant invention. The major functional 
blocks of microcomputer 10 are constituted by central 
processing unit (CPU) 12, controller 14, and direct 
memory access (DMA) controller 22. The memory 
contained in microcomputer 10 according to this em 
bodiment of the invention includes random access mem 
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ories (RAMs) 16 and 18, and read-only memory (ROM) 
20. RAMs 16 and 18 contain, in this embodiment, 210, or 
K, words; ROM 20 contains 212, or 4K, words. Exter 

nal connection is made by way of interface ports 24 and 
26, which multiplex various bus signals onto external 
terminals of microcomputer 10 and which provide spe 
cial purpose signals for communication to external de 
vices which are to receive and send data via such exter 
nal terminals. Connected to interface port 26 is periph 
eral bus 28, which is adapted to be connected to various 
peripheral function blocks as will be explained herein 
below. 

Data communication within microcomputer 10 can 
be effected by way of data bus 30. Data bus 30 contains 
a set of data lines 30d which are dedicated to the com 
munication of data signals among memories 16, 18 and 
20, interface ports 24 and 26, and CPU 12. In this em 
bodiment of the invention, data bus 30 contains thirty 
two data lines in set 30d; accordingly, the data signals 
communicated among memories 16, 18 and 20, interface 
ports 24 and 26, and CPU 12 are considered as thirty 
two bit words. Data bus 30 further contains a first set of 
address lines 30a and a second set of address lines 30b, 
both of which are for communication of address signals 
corresponding to memory locations in memories 16, 18 
and 20..In this embodiment of the invention, data bus 30 
contains twenty-four address lines in each of sets 30a 
and 30b. Address lines 30a and 30b are also connected 
among CPU 12, interface ports 24 and 26, and memories 
16, 18 and 20. As is evident from FIG. 1, memories 16, 
18 and 20 each have two ports 32a and 32d. Each of 
ports 32a are connected to address lines 30a and 30b of 
data bus 30, and receive the address signals presented 
thereupon to provide access to the corresponding mem 
ory location by way of port 32d to data lines 30d of data 
bus 30. 
Microcomputer 10 also effects communication by 

way of program bus 34. Similarly as data bus 30, pro 
gram bus 34 contains a set of data lines 34d connected to 
ports 32d of memories 16, 18 and 20. Data lines 34d of 
program bus are also connected to interface ports 24 
and 26, and to controller 14, Program bus 34 further 
contains a set of address lines 34a, which are connected 
to ports 32a of memories 16, 18 and 20, to interface 
ports 24 and 26, and to controller 14. Also connected to 
address bus 34 is instruction cache 36 which also has 
ports 32a and 32d connected to address lines 34a and 
data lines 34d, respectively. Instruction cache 36 is a 
small (64 word) high speed memory which is used to 
retain the most recently used instruction codes so that, 
if external memory devices are used for program stor 
age, the retrieval of repetitively used instructions can be 
effected at the same rate as from memories 16, 18 and 
20. Detailed construction and operation of instruction 
cache 36 is given hereinbelow. Controller 14 contains 
such circuitry as required to decode instruction codes 
received on data lines 34d of program bus 34 into con 
trol signals which control the specific logic circuitry 
contained in all blocks of microcomputer 10. FIG. 1 
illustrates lines SEL16, SEL18, SEL20, SEL24 and 
SEL26 which carry certain of these control signals to 
control access of microcomputer 10 to memories 16, 18, 
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6 
and 20, and peripheral ports 24 and 26, respectively; 
other such control signals generated by controller 14 
are not shown in FIG. 1, for purposes of clarity. Be 
cause of its connection to instruction cache 36 and to 
controller 14, program bus 34 is used primarily for the 
addressing and communication of instruction codes 
contained in memories 16, 18 and 20. According to the 
invention, such instruction codes can reside in any of 
memories 16, 18 and 20, or in external memory, without 
designation of any specific locations as dedicated to 
program memory. 
DMA controller 22 is connected to memories 16, 18 

and 20 by way of DMA bus 38. Similarly as data bus 30 
and program bus 34, DMA bus 38 has a set of data lines 
38d which are connected to ports 28d of memories 16, 
18 and 20. DMA bus 38 further has a set of address lines 
38a connected to ports 28a of memories 16, 18 and 20. 
DMA controller 22 is also connected to peripheral bus 
28, and to interface port 26 via peripheral bus 28. DMA 
controller 22 effects direct memory access operations, 
by which blocks of data stored within the memory 
space of microcomputer 10 may be moved from one 
area of memory (the source) to another (destination). 
The source area of memory may be within memories 16, 
18 or 20, or in memory devices external to microcom 
puter 10 which are connected to the terminals served by 
interface port 24, and the destination of the block of 
data may be in all of such memories (except of course 
ROM 20). It is apparent from the construction of mi 
crocomputer 10 as shown in FIG. 1, and from the de 
scription given hereinbelow, that such DMA operations 
may be effected by DMA controller 22 in microcom 
puter 10 without requiring the intervention of CPU 12. 

Ports 32a are primarily multiplexers, so that selection 
of one set of address lines 30a, 30b, 34a, or 38a for con 
nection to its associated memory 16, 18 or 20 can be 
effected. Similarly, each of ports 32d are connected to 
data lines 30d of data bus 30, for communication of the 
data stored (or to be stored) by the addressed memory 
location. Memories 16, 18 and 20 each contain an ad 
dress decoder 33, connected to its port 32a, for decod 
ing the memory address signal presented on the selected 
one of said address lines 30a, 30b, 34a, or 38a in a man 
ner well known in the art. Based on the output from 
address decoder 33, access is granted to the memory 
location specified by the selected address signal. RAMs 
16 and 18, and ROM 20, are all constructed as are well 
known in the art, so that the selected memory location 
is sensed and/or written based upon the output of ad 
dress decoder 33 therewithin. As is also well known in 
the art for such memories, ports 32d provide a high 
impedance output to the data lines of buses 30, 34 and 38 
connected thereto when not selected, thereby prevent 
ing data conflicts on buses 30, 34 and 38. er 

Each of the sets of address lines in data bus 30, pro 
gram bus 34 and DMA bus 38 consist of twenty-four 
conductors in the preferred embodiment of this inven 
tion. Accordingly, the maximum number of memory 
locations addressable by way of the sets of address lines 
in data bus 30, program bus 34 and DMA bus 38 is 22 
words (sixteen Mwords) of thirty-two bits. However, 



4,989,113 
7 

since the total number of words in memories 16, 18 and 
20 is 6K, a large amount of the addressable memory 
space of microcomputer 10 may reside in memory de 
vices external to microcomputer 10. Such external 
memory will of course also have address decoding ca 
pability, similar to the on-chip memories 16, 18 and 20, 
and will respond to the generated address signals on the 
address lines of buses 30, 34 and 38 in a similar fashion. 
According to the instant invention, a single memory 
address space is provided for microcomputer 10, so that 
a given address signal presented on any given set of 
address lines of buses 30, 34 and 38 will address a mem 
ory location in only one of memories 16, 18 and 20. 
Therefore, using the example of address lines 30a being 
selected by ports 32a, a given address signal on address 
lines 30a will correspond to a memory location in only 
one of memories 16, 18 and 20, or in external data, pro 
gram or input/output memory. It should be noted that 
microcomputer is organized in such a fashion that it is 
preferable that external data and program memory be 
accessed by way of peripheral port 24, and that external 
input/output memory be accessed by way of peripheral 
port 26. 

Peripheral bus 28 is connected between interface port 
26 and various peripheral functions. Peripheral bus is 
therefore selectively connectable to any one of buses 30, 
34 and 38, depending upon the control of peripheral 
port 26 by controller 14. In this manner, peripheral bus 
28 appears to the remainder of microcomputer 10 as an 
off-chip bus. This provides for such functions as nor 
mally provided by peripheral devices to be incorpo 
rated into microcomputer 10; communications with 
such peripheral devices will be enacted by the remain 
der of microcomputer 10 in much the same way as an 
off-chip device. By way of example, microcomputer 10 
of FIG. 1 has timer 40, serial port 42, and format con 
verter 44 attached to peripheral bus 28; as discussed 
above, DMA controller 22 is also connected to periph 
eral bus 28. Similarly as the other buses described 
above, peripheral bus 28 contains data lines 28d and 
address lines 28a. In contrast to the communication 
between memories 16, 18 and 20 and the remainder of 
microcomputer 10 connected to buses 30, 34 and 38, 
however, address lines 28a of peripheral bus 28 are used 
to select one of said peripherals 40, 42, or 44 connected 
thereto to receive or transmit data from or to data lines 
28d of peripheral bus 28. In addition, as will be de 
scribed below, control registers in DMA controller 22 
are also accessed by way of peripheral bus 28. 

Referring now to FIG. 2, the construction and opera 
tion of CPU 12 will be explained in detail. CPU 12 
contains a dedicated multiplier 46, an arithmetic logic 
unit (ALU) 48, data registers 50a through 50h (collec 
tively referred to as data registers 50), auxiliary arithme 
tic logic units (ARAUs) 52a and 52b, auxiliary data 
registers 54a through 54h (collectively referred to as 
data registers 54), data bus controller 56, and a bank of 
control registers (including, but not limited to, index 
registers 68a and 68b, block register 70 and status regis 
ter 71) which will be further described below. 
One of the inputs to multiplier 46 is operable to re 

ceive data from either CPU bus 60a or register bus 62a 
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8 
via multiplexer 64a, and the other of the inputs to multi 
plier 46 is operable to receive data from either CPU bus 
60b or register bus 62b, via multiplexer 64b. Similarly, 
ALU 48 performs operations on its two inputs, one of 
which is operable to receive data from either CPU bus 
60a or register bus 62a via multiplexer 64c, and the 
other of the inputs to multiplier 46 is operable to receive 
data from either CPU bus 60b or register bus 62b, via 
multiplexer 64d. Multiplexers 64a through 64d are con 
trolled by controller 14, according to the instruction 
code to be executed by CPU 12, 

Multiplier 46 is a floating-point multiplier as is well 
known in the art, in effect containing both a hardware 
multiplier (for multiplication of the mantissas) and an 
arithmetic logic unit (for addition of the exponents). 
Multiplier 46 in the preferred embodiment of the inven 
tion is of the size which can perform an integer multipli 
cation to produce a thirty-two bit resulte, and which 
alternatively can perform a floating-point multiplication 
to produce a forty-bit result, considering thirty-two of 
the bits as the mantissa of the floating-point operands, 
and the other eight bits as the exponent of the floating 
point operands. ALU 48 is an arithmetic logic unit con 
structed according to any one of a number of well 
known configurations which can perform integer and 
floating-point addition and subtraction on up to two 
forty bit binary numbers. As will be described in further 
detail hereinbelow, the parallel combination of multi 
plier 46 and ALU 48 allows CPU 12 to perform opera 
tions using both functions simultaneously, which pro 
vides for rapid calculation of such operations as multi 
ply-and-accumulate instructions. The outputs of multi 
plier 46 and ALU 48 are each connected to data regis 
ters 50, so that the results of the operations executed by 
each of multiplier 46 and ALU 48 can be stored in se 
lected ones of said data registers 50. 

Data registers 50 are forty-bit registers, used to store 
data in integer or floating-point format, depending upon 
the user's application. When storing information in 
floating-point format, the eight most significant bits are 
considered as the exponent, and the thirty-two least 
significant bits are considered as the mantissa. The pri 
mary function of data registers 50 is an accumulator 
function, so that the plurality of data registers 50 in 
effect provides CPU 12 with multiple accumulators. 
Data registers 50 are also connected to register buses 
62a and 62b, which can provide output to data bus 30 
via data bus controller 56, and be provided as inputs 
again to multiplier 46 and ALU 48. Accordingly, a 
multiply and accumulate instruction can be easily and 
efficiently implemented by CPU 12. For example, the 
result of a multiplication by multiplier 46 can be input to 
ALU 48 via one of data registers 50 and register bus 
62a, for addition to a prior result stored in another one 
of data registers 50 and applied to ALU 48 via register 
bus 62b. The outputs of multiplier 46 and ALU 48 are 
also connected to the inputs of multiplexer 66, which is 
also controlled by controller 14. The output of multi 
plexer 66 is connected to auxiliary registers 54, so that 
the results of the operation of either multiplier 46 or 
ALU 48 can be stored in a selected one of auxiliary 
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registers 54, or in the bank of control registers including 
index registers 68a and 68b, block register 70 and status 
register 71. 

Auxiliary registers 54 are thirty-two bit registers used 
in conjunction with ARAUs 52 to generate addresses 
for application to address lines 30a and 30b of data bus 
30, and for computation of subsequently used addresses 
stored in auxiliary registers 54. Auxiliary registers 54 
are connected to one input of each of ARAUs 52a and 
52b by way of auxiliary register buses 65a and 65b, 
respectively. Each of ARAUs 52a and 52b also have an 
input connected to controller 14, an input connected to 
index registers 68a and 68b, and an input connected to 
block register 70, all for receiving address modification 
signals depending upon the address mode specified by 
the instruction code being executed. ARAUs 52a and 
52b have an output connected to address lines 30a and 
30b of data bus 30, respectively, upon which ARAUs 
52a and 52b present a memory address signal. In addi 
tion, ARAUs 52a and 52b have an output connected to 
buses 67a and 67b, respectively, for storing in selected 
ones of auxiliary registers 54 the results of modifications 
generated in the process of memory addressing, as will 
be explained below. As is evident by reference to FIG. 
1, and as well known in the art, instruction codes exe 
cutable by microcomputer 10 addresses memories 16, 18 
and 20, as well as external memory via peripheral ports 
24 and 26, in a plurality of ways; examples of such ad 
dressing include addressing of an individual register 50 
and 54 in CPU 12 and direct addressing of a location in 
memories 16, 18 and 20, and the well-known immediate 
and relative addressing modes. 

Indirect memory addressing is facilitated by ARAUs 
52a and 52, in conjunction with auxiliary registers 54. 
As is well known, indirect addressing in microcomput 
ers is a mode of memory addressing where the address 
of the memory location is contained in the specified 
location. An example of indirect memory addressing is 
an instruction to the microcomputer to "address the 
memory location specified by the contents of register 
50a.” Indirect addressing allows registers 54 to be used 
as dynamic memory address pointers, which allow the 
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computation of a memory location by CPU 12 (and its 
storage in one of registers 54) without the necessity of 
changing the contents of a program memory location. 
In addition, ARAUs 52a and 52b are operable to utilize 
a displacement code generated from the instruction 
code, which modifies the computation of the indirect 
address by ARAUs 52a and 52b. The displacement code 
is an eight-bit code generated by controller 14 in its 
decoding of the instruction code, and is input to one of 
the inputs of each of ARAUs 52a and 52b. CPU 12 
interprets the absence of a displacement signal as an 
implied value of one, which is useful to automatically 
increment or decrement the contents of the register 54 
used in a repetitive operation. As such, ARAUs 52a and 
52b are primarily used in the addressing of data loca 
tions in RAMs 16 and 18, and in external RAM used as 
data memory; as shown in FIG. 1, addresses generated 
by ARAUs 52a and 52b on address lines 30a and 30b of 
data bus 30 can of course also access ROM 20. ARAUs 
52a and 52b are thus operable to perform the necessary 
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10 
integer addition or subtraction operation upon the con 
tents of the one of registers 54 connected to one of its 
inputs and upon the displacement code generated by 
controller 14. Table 1 lists a number of the types of 
indirect addressing modes supported in part by ARAUs 
52a and 52b in conjunction with registers 54 and con 
troller 14. It should be noted that the instruction codes 
stored in the program memory portions/locations of 
memories 16, 18 and 20 (or externally) contain a five-bit 
code which specifies the memory addressing mode 
desired, including those listed in Table 1. In Table 1, 
"add" specifies the memory location to be addressed, 
"ARn' specifies the contents of one of registers 54, and 
"disp' the value of the displacement code generated by 
controller 14. The updated value of the contents of one 
of auxiliary registers 54 is denoted by "ARn' in Table 
1. 

TABLE 1. 
Description Operation 

add = ARn -- disp 
add = ARn - disp 
add = ARn - disp 
ARn' = ARn -- disp 
add = ARn - disp 
ARn' = ARn - disp 

Indirect w/pre-displacement add 
Indirect w/pre-displacement subtract 
indirect w/pre-displacement add/modify 

Indirect wipre-displacement 
subtract/modify 
Indirect w/post-displacement add/modify add = ARn 

ARn' = ARn - disp 
Indirect w/post-displacement add = ARn 
subtract/modify ARn = ARn - disp 

CPU 12 contains index registers. 68a and 68b, also 
connected to the output of multiplexer 66, connected to 
register buses 62a and 62b, and are also directly con 
nected to the inputs of ARAUs 52a and 52b which 
receive the displacement codes from controller 14. Con 
troller 14 of course will control the application of index 
register 68a, index register 68b, or the displacement 
code to this other input of ARAUs 52a and 52b. Index 
registers 68a and 68b can be loaded by ALU 48 for 
storing an index value to be utilized in the indexed indi 
rect addressing of memories 16, 18 and 20 (as well as 
external memory), by way of ARAUs 52a and 52b. 
Table 2 contains the indexed indirect addressing modes 
which, responsive to corresponding instruction codes 
received and decoded by controller 14, are executable 
by ARAUs 52a and 52b. Similarly as the addressing 
modes listed in Table 1, these individual addressing 
modes are enabled by unique ones of five-bit codes in 
the instruction code. The term "IRm' in Table 2 indi 
cates the contents of one of index registers 68a and 68b. 

TABLE 2 
Operation 
add = ARn -- IRn 
add as ARn - Rn 
add = ARn -- IRn 
ARn's ARn - IRn 
add = ARn - Rin 
ARn = ARn - Rin 

Description 
Indirect w/pre-index add 
Indirect w/pre-index subtract 
Indirect w/pre-index add/modify 

Indirect w/pre-index subtract/modify 

Indirect w/post-index add/modify add = Arn 
ARn' = ARin -- IRn 

Indirect w/post-index subtract/modify add see ARIn 
ARn = ARn -- IRIn 
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Referring now to FIG. 2a, the construction of 
ARAU 52a is illustrated in detail; it is of course under 
stood that ARAU 52b is similarly constructed. As 
shown in FIG. 2, ARAU 52a receives at one input 
auxiliary register bus 65a, which is connected to one 
input of adder/subtractor 80. Multiplexer 82 receives 
three input signals; one of these input signals is the 
displacement code generated by controller 14, and the 
other two input signals are the contents of index regis 
ters 68a and 68b. Multiplexer 82 is controlled by con 
troller 14, responsive to the instruction code being exe 
cuted, to select one of these three inputs for application 
to the second input of adder/subtractor 80. 

Adder/subtractor 80 is a multiple-stage arithmetic 
logic unit as is well known in the art, which is capable 
of performing either a full-carry add or subtract. Con 
troller 14 controls whether or not adder/subtractor 80 
performs the add or subtract operation, responsive to 
decoding of the instruction code containing the address 
mode information. Adder/subtractor 80 further con 
tains capability for propagating the carry information 
from stage to stage therewithin either in a forward or in 
a reverse direction. Such an adder/subtractor is de 
scribed in copending U.S. patent application 935,465; 
said application further describes the benefits of re 
verse-carry propagation in performing Fast Fourier 
Transform algorithms. Controller 14 similarly controls 
the direction of carry propagation in adder/subtractor 
80, responsive to the instruction code being executed. 
The output of adder/subtractor 80 is connected to 

one input of multiplexer 84, and is also connected to one 
input of comparator 86. The other input of multiplexer 
84 is connected directly to auxiliary register bus 65a, 
and the output of multiplexer 84 is connected to address 
lines 30a of data bus 30. Multiplexer 84 is controlled by 
controller 14 responsive to the current instruction code, 
for application of the proper value of the computed 
address to address lines 30a of data bus 30. The output 
of adder-subtractor 80 is also connected to a first input 
of multiplexer 88, which has its output connected to bus 
67a which communicates data from ARAU 52a to a 
selected one of auxiliary registers 54, for updating of the 
auxiliary register 54 contents as desired. A second input 
of multiplexer 88 is connected to adder/subtractor 90. 
Comparator 86 and adder/subtractor 90 comprise cir 
cular addressing logic which will be explained herein 
below; for purposes of the following discussion, its 
operation will be ignored. 
By reference to FIG. 2a, the operation of ARAU 52a 

in accomplishing the various indirect addressing modes 
listed in Tables 1 and 2 becomes apparent. Controller 
14, responsive to the instruction code being executed, 
controls multiplexer 82 to select the desired one of 
index registers 68a or 68b (“IRm' in Table 2) or the 
displacement code generated by controller 14, for appli 
cation to the contents of the selected one of auxiliary 
registers 54 by adder/subtractor 80. As described 
above, controller 14 will also control whether or not 
adder/subtractor 80 performs an addition or subtraction 
operation, and also whether adder/subtractor 80 will 
calculate its output using the forward or reverse carry 
propagation. In the event that the desired address mode 
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is a post-index or post-displacement add or subtract, 
controller 14 will cause multiplexer 84 to select auxil 
iary register bus 65a to be connected to address lines 
30a of data bus 30 (corresponding to the operation 
"add=ARn' in Tables 1 and 2). Conversely, if the 
desired indirect address mode is a pre-index or pre-dis 
placement indirect address, controller 14 will cause 
multiplexer 84 to select the output of adder/subtractor 
80 for application to address lines 30a of data bus 30 
(corresponding to the operation "add=ARn--/-IRm 
/disp'' in Tables 1 and 2). 
ARAU 52a also determines the updating of auxiliary 

registers 54 according to the indirect addressing modes 
selected. Assuming that the circular indirect addressing 
mode is not selected (such circular addressing will be 
discussed hereinbelow), controller 14 will select 
whether or not the contents of the selected one of auxil 
iary registers 54 are to be modified or not. In the event 
the desired indirect addressing mode does not modify 
the contents of the auxiliary register 54, controller 14 
will disable (tri-state) the output of multiplexer 88, so 
that so that the contents of the selected one of auxiliary 
registers 54 will not be updated. If the contents of the 
selected one of auxiliary registers 54 are to be modified 
with the result of the addition or subtraction by adder/- 

30 

35 

45 

50 

55 

60 

65 

subtractor 80, controller 14 will cause multiplexer 88 to 
select the output of adder/subtractor 80 for application 
to bus 67a (corresponding to the operation "ARn 
'= ARn--/-IRm/disp'' in Tables i and 2). 

It is of course apparent from the construction of CPU 
12 shown in FIG. 2 that the operation of the various 
functions can occur in parallel. For example, ARAU 
52a can be operating in parallel with ARAU 52b, since 
the inputs thereto are separately connected to registers 
54, and to controller 14 (and index registers 68a and 
68b). In addition, the output of ARAU 52a is connected 
to address lines 30a of data bus 30 and to bus 67a, while 
the output of ARAU 52b is connected to address lines 
30b of data bus 30 and to bus 67b. In this manner, the 
operation of ARAUs 52a and 52b can occur simulta 
neously, without interference by or to one another. In 
addition, once the prior state of register buses 62a and 
62b have been received by multiplier 46 and ALU 48 as 
desired, the operation of multiplier 46 and ALU 48 can 
occur simultaneously not only with each other, but also 
with ARAUs 52a and 52b. In this way, especially for 
algorithms using repetitive operations such as multiply 
and-accumulate, CPU 12 is able to achieve substantial 
performance improvements from such parallel opera 
tion. 

Block register 70 is connected to the output of multi 
plexer 66, and is connected to register buses 62a and 
62b, as well as being directly connected to ARAUs 52a 
and 52b. Block register 70 provides a "circular'feature 
in the indirect addressing scheme, so that a block of data 
memory locations can be repetitively accessed in a 
looped fashion. As is well known in the art, certain 
computations required for digital signal processing ap 
plications can be expressed in repetitive operations on a 
block of stored data. For example, the computation of 
finite impulse response (FIR) digital filter functions, 
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requires the repetition of multiply-and-accumulate op 
erations on a block of data, where the results of the 
multiply-and-accumulate are stored in the memory lo 
cation from which one of the operands was fetched. 

Referring back to FIG. 2, data bus controller 56 is 
connected to data lines 30d of data bus 30, and serves to 
control the flow of data from data bus 30 to the various 
portions of CPU 12. Internal to CPU 12 are a pair of 
CPU buses 60a and 60b, and a pair of register buses 62a 
and 62b. Data bus controller 56 consists of a four-to-one 
multiplexer, having its four inputs connected to CPU 
buses 60a and 60b, and to register buses 62a and 62b. 
Communication from CPU 12 to data lines 30d of data 
bus 30 thus can occur from any one of these four inter 
nal buses at any given time; such communication of 
course requires that a corresponding address signal be 
generated on address lines 30a or address lines 30b in 
conjunction with the data communication on data lines 
30d. Since the outputs of ARAUs 52a are connected to 
address lines 30a and 30b of data bus 30, respectively, 
such addresses can be generated by CPU 12 in conjunc 
tion with the desired data communication through data 
bus controller 56. 
The parallel nature of ARAUs 52a and 52b allows the 

computation of more than one memory address by CPU 
12 within a single machine cycle. Accordingly, data bus 
controller 56 is capable of connecting more than one of 
CPU buses 60 and register buses 62 to data lines 30d of 
data bus 30 within a single machine cycle. Control of 
the application of the output of ARAUs 52a and 52b to 
the address lines 30a and 30b of data bus 30, and of the 
time-multiplexing of data lines 30d to the internal buses 
of CPU 12, is done by controller 14 according to the 
instruction code being executed. 

Referring now to FIG. 3, the construction of periph 
eral ports 24 and 26 will be described in detail. Periph 
eral ports 24 and 26 are connected to data bus 30, pro 
gram bus 34 and DMA bus 38, as was described earlier 
with reference to FIG. 1. Peripheral port 24 consists 
primarily of a multiplexer 100, which selectively con 
nects external data lines D to data lines 30d of data bus 
30, data lines 34d of program bus 34 or data lines 38d of 
DMA bus 38, responsive to control signals generated on 
lines SEL24 by controller 14. It should be noted that 
multiplexer 100 creates a bidirectional connection be 
tween external data lines D and the data lines 30d, 34d 
or 38d, so that data may be received or presented there 
between. In addition, multiplexer 102 selectively con 
nects external address lines A to address lines 30a or 
30b of data bus 30, address lines 34a of program bus 34, 
or address lines 38a of DMA bus 38, also responsive to 
controller 14 depending upon which data lines are con 
nected by multiplexer 100 to data lines D. 
A number of control lines are driven by buffers 104 in 

peripheral port 24, also responsive to signals generated 
by controller 14 (on lines which are not shown, for 
purposes of clarity). These control lines output by pe 
ripheral port 24 include line R/W-, which specifies the 
direction of the flow of data through peripheral port 24. 
For example, an external memory device could serve as 
data memory, by having its data input and output termi 
nals connected to lines D and its address terminals 
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connected to lines A. Peripheral port 24 of microcom 
puter 10 could effect a memory read of such external 
memory by connecting the desired address lines, e.g., 
address lines 30b of data bus 30, to lines An and by 
driving line R/W- to a high logic state, indicating that 
the external memory device is to be read at the location 
specified on address lines 30b of data bus 30. Con 
versely, a high logic state on line R/W- would indicate 
that the external memory device is to be written with 
the data state present on data lines 30d, connected via 
multiplexer 100 to lines Dn. 
The control lines connected to peripheral port 24 

further include line STRB-(as in line R/W, the 
designation indicating active low) driven by buffers 104 
responsive to controller 14, which is a clock signal 
indicating to external memory that the set of address 
lines 30a, 30b, 34a or 38a connected to lines A, as the 
case may be, are presenting a valid address signal to 
address memory. Lines HOLD- and RDY- are inputs 
to microcomputer 10 from external devices. Line 
HOLD-being active low causes peripheral port 24 to 
place its interface to lines D, An, R/W-, and STRB 
in a high-impedance state, so that a plurality of devices 
connected to such lines may communicate among one 
another without interference from, or interference to, 
microcomputer 10. Line HOLDA- is an acknowledge 
signal driven by controller 14 via buffers 104 in periph 
eral port 24, and is has a low logic state which indicates 
that microcomputer 10 has received the HOLD-signal 
in its low state, and has placed peripheral port 24 in a 
high impedance state. Line RDY- is an input to mi 
crocomputer 10 and, when driven to its low logic state, 
indicates that an external device connected to data lines 
Dn, address lines An, and control lines R/W and 
STRB- has completed a communication cycle with 
microcomputer 10. Controller 14 requires the RDY 
signal prior to causing peripheral port 24 to drive said 
lines to valid states other than that directed to the com 
munication cycle which had ended with the RDY 
signal low. 

Peripheral port 26 is similarly constructed as periph 
eral port 24, but is controlled by lines SEL26 indepen 
dently from peripheral port 24, so that communication 
at both peripheral ports 24 and 26 can occur simulta 
neously and independently, so long as the buses 30, 34 
and 38 used by the two ports are not simultaneously 
used. Peripheral port 26 is primarily useful in communi 
cation with external input and output devices. Accord 
ingly, as shown in FIG. 3, peripheral port 26 contains 
multiplexers 108 and 110, and buffers 112, correspond 
ing to like components in peripheral port 24. Similarly, 
peripheral port 26 interfaces data bus 30, program bus 
34 and DMA bus 38 to lines I/OD, I/OA, I/ORDY, 
I/OSTRB-, I/OHOLD, I/OHOLDA- and 
I/OR/W-, having the same functions as similarly des 
ignated lines at peripheral port 24. It should be noted 
that, because of the plurality of buses 30, 34, and 38 
connected to peripheral ports 24 and 26, peripheral port 
24 and peripheral port 26 can be operating simulta 
neously. 

6 99 
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Referring now to FIG. 4, the construction and opera 
tion of controller 14 will be described in detail. Control 
ler 14 serves the purposes of controlling the operation 
of the rest of microcomputer 10, so that the desired 
operation specified by the instruction codes will be 
properly executed. 

Controller 14 receives clock signals presented from 
external to microcomputer 10. Clock generator 200 in 
controller 14 is connected to terminals X1 and X2 and 
generates the internal clock signals which are used in 
microcomputer 10, for example the system clock on line 
CLKIN. If a crystal is connected between terminals X1 
and X2, clock generator 200 will, by way of an internal 
oscillator, generate the system clock signal on line 
CLKIN. Alternatively, an externally-generated clock 
can be applied to terminal X2, in which case the exter 
nally-generated clock signal will generate (possibly via 
a divide-by-n in clock generator 200, not shown) the 
system clock signal on line CLKIN. Clock generator 
200 further generates clock signals Q1 and Q2, which 
occur on the first and third quarter-cycles of the period 
of the clock signal on line CLKIN, however generated; 
clock signals Q1 and Q2 are used by memory access 
arbitration logic 206 in controller 14, as described be 
low. 

Relative to the fetching of instruction codes and the 
control of microcomputer 10 responsive to such instruc 
tion codes, controller 14 contains program counter 92, 
instruction register 94, control logic 202, and program 
counter control logic 204. Program counter 92 is a 
twenty-four bit register, having an output connected to 
address lines 34a of program bus 34. The function of 
program counter 92 is to store the memory address of 
the next instruction to be fetched, decoded, and exe 
cuted by microcomputer 10. In an instruction fetch 
cycle (which occurs during one period of the system 
clock signal on line CLKIN), the contents of program 
counter 92 are placed upon address lines 34a of program 
bus 34 and the one of memories 16, 18 or 20 (or external 
memory) containing the memory location correspond 
ing to the address signal will present the addressed 
contents onto data lines 34d of program bus 34; the 
contents of the memory location having the address 
contained in program counter 92 constitute the instruc 
tion code of the next instruction to be decoded. Instruc 
tion register 94 is a thirty-two bit register which is con 
nected to data lines 34d of program bus 34, and which 
receives the contents of the contents of program 
counter 92 during the fetch cycle. 

During the decode cycle, occurring in the next per 
iod of the system clock signal on line CLKIN after the 
fetch cycle, the contents of instruction register 94 are 
decoded by control logic 202, to generate control sig 
nals going from controller 14 to the functional circuits 
of microcomputer 10. To accomplish this, a first portion 
of control logic 202 contains combinatorial logic for 
decoding the instruction code. Such combinatorial 
logic (shown as logic 202a in FIG. 4) can be realized in 
different well-known ways, such as a programmable 
logic array or a read-only memory. The thirty-two bit 
instruction code from instruction register 94 is thus 
decoded by combinatorial logic 202a into multiple out 
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put lines. Some of these lines are directly connected to 
functions outside of control logic 202, such as to pro 
gram counter control logic 204; other of these lines are 
input into sequential logic 202b within control logic 
202. Sequential logic 202b is operative to control the 
various functions of microcomputer 10 so as to allow 
the reading of data operands from memory by CPU 12, 
and so as to control the execution of the data processing 
operations on said operands by CPU 12, Sequential 
logic 202b accomplishes this, of course, by way of addi 
tional output lines emanating therefrom. The logic 
states of the output lines from control logic 202, 
whether from combinatorial logic 202a or sequential 
logic 202b, are thus determined by the instruction code 
received by control logic 202 from instruction register 
94. It should be noted that the drawing figures referred 
to herein do not show the connection of these control 
lines between controller 14 and such functional cir 
cuitry for purposes of clarity. 

It is therefore apparent that combinatorial logic 202a 
in control logic 202 can be decoding an instruction code 
which was stored in instruction register 94 while con 
troller 14 is causing the fetch of the following instruc 
tion from memory. In addition, as is well known in the 
art, sequential logic 202b is operative to control the 
operand read for a given instruction simultaneously 
with the control of the execution of a previously 
fetched instruction. Accordingly, control logic 202 can 
be controlling microcomputer 10 in such a manner that 
portions of four different instruction codes may be car 
ried out simultaneously. Such "pipelining' of the in 
struction codes will obviously reduce the time required 
to perform a given sequence of instructions. 
FIG. 4a illustrates an example of how the pipeline is 

filled, and accordingly how the pipeline operates for a 
typical instruction. In the first cycle of the system clock 
signal on line CLKIN, instruction n is being fetched by 
controller 14, for example from one of memories 16, 18 
or 20. During the fetch cycle, however, program 
counter control logic 204 has incremented the contents 
of program counter 92 to contain the memory location 
of the instruction code for instruction n+1. During the 
second cycle of the system clock signal on line CLKIN, 
the instruction code for instruction n is being decoded 
by control logic 202. Also during this second cycle, the 
contents of program counter 92 are presented to address 
lines 34a of program bus 34, and the instruction code for 
instruction n+1 are fetched from program memory and 
loaded into instruction register 94. 
During the third system clock cycle shown in FIG. 

4a, sequential logic 202b is effecting a read from mem 
ory (e.g., RAM 16) of a data operand necessary for 
instruction n via data bus 30. In addition, since the in 
struction code for instruction n+1 has been fetched, the 
third cycle shown in FIG. 4a illustrates that instruction 
n+1 is being decoded by combinatorial logic 202a of 
control logic 202. Simultaneously with the read cycle 
for instruction n, however, the fetch of the instruction 
code for instruction n-2 is being done, assuming there 
is no bus or memory conflict with the read cycle for 
instruction n. As described above, generally the data 



4,989,113 
17 

operand is read by CPU 12 via data bus 30 while the 
instruction code is read via program bus 34; assuming 
that both reside in different memories 16, 18 or 20, or 
one residing in external memory, no bus conflict will 
OCC. 

During the fourth cycle of the system clock, instruc 
tion n will be executed under the control of sequential 
logic 202b in control logic 202, the read operation for 
instruction n-1 will be effected by sequential logic 
202b, the instruction code for instruction n-2 will be 
decoded, and the instruction code for instruction n-3 
will be fetched. Accordingly, the pipeline for mi 
crocomputer 10 will be filled, and the performance of a 
sequence of instructions will be optimal, subject to bus 
conflicts and to memory access conflicts which may, for 
certain instruction combinations, cause a wait cycle for 
one of the operations. 
Data lines 30d of data bus 30 are received by control 

er 14, for control of the program flow in other than 
incremental fashion, such as a branch instruction, re 
quiring that program counter 92 be loaded by CPU 12 
or from memory. For example, in the event of an un 
conditional branch, the value of an operand contained 
in the instruction code, read from memory, or read from 
a register in CPU 12 may contain the address of the 
memory location containing the next instruction code 
to be executed. Program counter control logic 204 will 
then receive the value presented upon data lines 30d, 
and load program counter 92 accordingly, so that pro 
gram control can pass to the desired location. 
As illustrated in FIG. 4, program counter control 

logic 204 contains an adder 203 which receives the 
contents of program counter 92. Control logic 202 
(preferably combinatorial logic 202a therein), controls 
adder 203 so that generation of the contents of program 
counter 92 for the next cycle may be performed in a 
variety of manners. As explained above, adder 203 may 
merely increment the prior contents of program 
counter 92, to step through the instruction sequence. 
However, program counter control logic 204 further 
contains an register 205, which can receive a value from 
data lines 30d of data bus 30. Program counter control 
logic 204 can thus calculate the contents of program 
counter 92 in various ways. For example, branching to 
a relative address (relative to program counter 92) may 
occur by way of loading register 205 with a value pres 
ented on data lines 30d of data bus 30; this value could 
then be added to the prior contents of program counter 
92 to generate a new value for program counter 92. In 
addition, an absolute branch may be effected by loading 
register 205 with the desired memory address from data 
lines 30d of data bus 30, and by control logic 202 caus 
ing adder 203 to perform a "zero-add" with the contents 
of register 205 for application to program counter. 

It should be further noted that microcomputer 10 is 
capable of performing a "delayed' branch instruction, 
so that the branch instruction is fetched three instruc 
tions before it is actually to occur. The delayed branch 
instruction, when executed, loads register 205 with the 
destination memory address of the branch as in a direct 
branch. However, control logic 202 will continue to 
increment the contents of program counter 92 for the 
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next three instructions following the execution of de 
layed branch instruction. Upon the third instruction, 
adder 203 will apply the contents of register 205 to 
program counter 92, thereby effecting the branch while 
continuing to take advantage of the pipeline scheme. 
The pipeline may, of course, remain full after the 
branch, as the destination location may continue to be 
incremented as before by adder 203. 

Controller 14 further includes interrupt logic 250, 
which is connected to a plurality of external terminals 
of microcomputer 10, to controller 14, and to various of 
the functions within microcomputer 10. Interrupt logic 
250 serves the purpose of receiving interrupt signals 
presented to microcomputer 10 on the RESET terminal 
and on terminals INTO through INT3, and receiving 
interrupt signals generated internally to microcomputer 
10 from various functions such as serial port 42 and 
DMA controller 22. An example of such an internal 
interrupt signal is shown in FIG. 4 by line 312, which is 
an interrupt signal from DMA controller 22. Contained 
within CPU 12 as a control register are CPU interrupt 
enable register 252 and DMA interrupt enable register 
253, each of which is a memory-mapped addressable 
register, and the contents of which specify whether 
each of the interrupt signals is enabled or disabled. Re 
sponsive to the receipt of a CPU-directed interrupt 
signal which is enabled by the contents of interrupt 
enable register 252, either from terminals INTO through 
INT3 or from internal to microcomputer 10, and if 
controller 14 indicates that an access to an input/output 
memory location is not current, interrupt logic 250 will 
cause program counter 92 to be loaded with a memory 
address corresponding to the particular interrupt signal 
(the "interrupt vector”), and the execution of the pro 
gram will continue from the interrupt vector location 
forward. Responsive to an instruction code generally 
included in the interrupt handling routine called by the 
interrupt vector, interrupt logic 250 will generate inter 
rupt acknowledge signals on line INTA for external 
interrupts and, for example, on line 314 for the internal 
interrupt signal for DMA controller 22. As is well 
known in the art for such an operation, controller 14 
will cause the prior contents of program counter 92 to 
be stored in a predetermined memory location (gener 
ally called a "stack”), so that the location of the instruc 
tion code which would have been fetched next will be 
reloaded after the interrupt has been serviced. 
As will be explained in greater detail below, DMA 

controller 22 utilizes the same system interrupts as CPU 
12 in the synchronization of DMA operations, so that 
microcomputer 10 does not require dedicated external 
terminals for DMA synchronization. Accordingly, 
DMA interrupt enable register 253 contains data similar 
in function to that of CPU interrupt enable register 252. 
It should be noted that in the handling of system inter 
rupts, priority must necessarily be assigned between the 
CPU and DMA system interrupts, in order to avoid 
ambiguity in the effect of such interrupts. Since the 
DMA operations are intended to be transparent to the 
operation of CPU 12, it is therefore preferable to pro 
vide that an interrupt which is enabled both by CPU 
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interrupt enable register 252 and by DMA interrupt 
enable register 253 will be treated as an interrupt to 
CPU 12 only. 

Referring now to FIG. 4b, interrupt enable registers 
252 and 253 are illustrated. As described above, each of 5 
interrupt enable registers 252 and 253 are within the 
memory address space of microcomputer 10, and there 
fore may be written to and read from as desired. Of 
course, the contents of CPU interrupt enable register 
252 is written to independently from the writing of the 
contents of DMA interrupt enable register 253, and vice 
versa, to provide independent interrupt capability for 
CPU 12 and DMA controller 22. As the contents of 
each of interrupt enable registers 252 and 253 are identi 
cal, the description below applies to each. 
Each of the input lines INTO through INT2 and 

RESET received by interrupt logic 250 within control 
ler 14 have an enable bit associated therewith in inter 
rupt enable registers 252 and 253. so that externally 
asserted interrupts on each of the lines may be individu 
ally enabled and disabled. In addition, internally as 
serted interrupts from peripherals connected to periph 
eral bus 38 are also individually enabled by interrupt 
enable registers 252 and 253. These interrupts are asso 
ciated with bits X0 and Xl, enabling interrupts from 
serial port 42 indicating that the transmit registers for 
the first and second serial port channels therein, respec 
tively, are empty; bits R0 and R1 also enable interrupts 
for serial port 42 which indicate that the receive regis 
ters for the first and second channels therein, respec 
tively, are full. BitTINT in interrupt enable registers 
252 and 253 enables an interrupt which is assertable by 
timer 40 connected to peripheral bus 38. Bit DINT in 
interrupt enable registers 252 and 253 enables the inter 
rupt provided by DMA controller 22 itself. It should be 
noted, of course, that additional interrupts, both exter 
nally and internally asserted, may be enabled by increas 
ing the number of bits in interrupt enable registers 252 
and 253. 

It should be noted that the synchronization of the 
DMA operations, as explained below, will primarily be 
controlled by way of the external interrupt lines INTO 
through INT2, as the synchronization is most often 
necessary in such operations with external memory 
devices connected to microcomputer 10. However, the 
synchronization with internally asserted interrupts pro 
vided to DMA controller 22, and enabled by way of 
DMA interrupt enable register 253, also may be useful 
in certain situations. 
As explained above, the interrupts to CPU 12 which 

are enabled by the contents of CPU interrupt enable 
register 252 have priority over the interrupts to DMA 
controller 252, if also enabled by DMA interrupt enable 
register 253. Accordingly, in order to have effect upon 
the DMA operation, a particular interrupt must not be 
enabled by CPU interrupt enable register 252 and must 
be enabled by DMA interrupt enable register 253 

It is apparent from FIGS. 1 and 2 that the plurality of 
buses internal to microcomputer 10 can allow the simul 
taneous access of memories 16, 18 and 20, so long as no 
two of the buses 30, 34, or 38 are simultaneously access 
ing the same memory 16, 18 or 20 or simultaneously 
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accessing external memory (via peripheral port 24 or 
26). If this is the case, no bus arbitration is required to be 
enacted by controller 14, and the memory accesses can 
take place independently. 

However, such simultaneous access may be re 
quested, depending upon the instruction codes being 
executed. Accordingly, to prevent bus conflicts relative 
to memory access, controller 14 further includes mem 
ory arbitration logic 206. Memory arbitration logic 206 
receives clock signals Q1 and Q2 from clock generator 
200 and receives the address signals on each of the 
address lines of buses 30, 34 and 38. Memory arbitration 
logic 206 provides output signals on lines SEL16, 
SEL18, SEL20 to each of memories 16, 18, and 20, re 
spectively; memory arbitration logic 206 further gener 
ates the signals on lines SEL24 and SEL26 to peripheral 
ports 24 and 26, respectively. The purpose of memory 
arbitration logic 206 is to control the access to memo 
ries 16, 18 and 20, and external and input/output memo 
ries, according to a predetermined priority. 
For purposes of the following examples, the priority 

will be presumed to be in the order of address lines 30a 
and 30b of data bus 30 having the highest priority, foll 
lowed by address lines 34a of program bus 34, and fol 
lowed by address lines 38a of DMA bus 38 with the 
lowest priority. This priority is chosen because of the 
construction of microcomputer 10, specifically CPU 12; 
the parallel connection of multiplier 46 and ALU 48 
means that, for the digital signal processing applications 
intended for microcomputer 10, it is most likely that 
performance would be more significantly impacted if 
data communications were forced to wait because of 
instruction fetches, than vice versa. DMA operations 
can take lowest priority because of the minimal overall 
performance impact for most application programs 
resulting from slower DMA relative to the other opera 
tions. It should be noted, however, that other applica 
tions of the instant invention would be more favorably 
performed if the priority were altered. For example, for 
graphics applications, DMA may best be prioritized at 
the highest level if used to provide the video display 
refresh function. Accordingly, the priority illustrated 
herein is by way of example only. 

Referring now to FIG. 5, the control of one of mem 
ory ports 32a by memory arbitration logic 206 within 
controller 14 illustrated. As described above relative to 
FIG. 1, each of memory ports 32a is connected to re 
ceive address signals from sets of address lines 30a and 
30b of data bus 30, from address lines 34a of program 
bus 34, and from address lines 38a of DMA bus 38. 
Memory port 32a, as illustrated in FIG. 5, performs 
primarily a multiplexer function, as it receives said ad 
dress lines at its inputs and connects the selected one of 
the address line sets to the decoder 33 of its associated 
memory 16, 18 or 20, responsive to signals from control 
ler 14. 
FIG. 5 is a logical schematic of a portion of memory 

arbitration logic 206 within controller 14 which con 
trols one pair of ports 32a and 32d; by way of example, 
ports 32a and 32d shown in FIG. 5 are associated with 
RAM 16. As described above, a single memory address 
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space is utilized by microcomputer 10 for all of the 
memories 16, 18 and 20 within microcomputer 10, and 
including the addresses of memory external to mi 
crocomputer 10 and accessible via peripheral ports 24 
and 26. It should be recalled that the memory address 
space of microcomputer 10 is 16 Mwords (22 words, 
due to the twenty-four bits carried on each set of ad 
dress lines in buses 30, 34 and 38). Using this single 
memory space, Table 3 shows the memory map of mi 
crocomputer 10 according to the preferred embodiment 
of the instant invention. 

TABLE 3 
Address rane (hexadecimal) 
000000 through 00003F 
000040 through OOOFFF 
001000 through 7FFFFF 
800000 through 800FFF 

Location/function 

Interrupt handling 
ROM 20 
External memory 
I/O & other memory 
mapped registers 

801000 through 8013FF RAM 6 
801400 through 8017FF RAM 8 
801800 through FFFFFF External memory 

As stated above, the memory address space which re 
fers to I/O and memory mapped registers is directed to 
peripheral port 26 (including, as will be discussed be 
low, registers addressable by way of peripheral bus 28, 
including those in DMA controller 22, timer 40, serial 
port 42 and format converter 44), while the external 
memory access is generally handled via peripheral port 
24. 

Within memory arbitration logic 206 are decoders 
120a through 120d which, for its associated one of the 
sets of address lines 30a, 30b, 34a and 38a, decodes 
sufficient ones of address lines therein to determine if 
the address value specified on the associated address 
lines has a value in the range for the given one of memo 
ries 16, 18 and 20 controlled thereby. For purposes of an 
example, assume that the one of ports 32a shown in 
FIG. 5 is associated with RAM 16; accordingly, port 
32a of FIG. 5 should be responsive to an address value 
on one of the sets of address lines 30a, 30b, 34a or 38a 
which is between 801000 and 8013FF. It should be 
noted, of course, that one of ordinary skill in the art 
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could design decoders 120a through 120d in such a . 
manner as to take advantage of the "don't care' values 
of the least significant ten bits of the address lines. The 
output of each of decoders 120 is a logic “1” in the 
illustrated example of FIG. 5 in the event that the ad 
dress lines connected thereto is within the range 
801000, and 8013FF. The output lines from decoders 
120a through 120d are M30A, M30B, M34A and M38A 
respectively, designating the presence or absence of a 
match between the address and the memory address 
space associated with RAM 16. 
As described above, clock generator 200 of controller 

14 generates two clock signals Q1 and Q2 which are 
utilized in the control of ports 32a. As discussed above, 
the system clock for microcomputer 10 corresponds to 
the clock signals on line CLKIN. Clock signals Q1 and 
Q2 are each associated with a phase of the system clock 
on line CLKIN. Clock signal Q1 is a “1” during the first 
quarter-cycle of the system clock, and clock signal Q2 is 
a "1" during the third quarter-cycle of the system clock. 

50 

55 
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Memory arbitration logic 206 shown in FIG. 5 uses 
these two clock signals Q1 and Q2 in order to time-mul 
tiplex the address signals on sets of address lines 30a and 
30b with one another. Signal M30A shown in FIG. 5 is 
connected to a first input of AND gate 122a, while 
clock signal Q1 is connected to the second input of 
AND gate 122a. The output of AND gate 122a is there 
fore a "1" only when the address presented on address 
lines 30a of data bus 30 is within the memory space of 
RAM 16 (in the illustrated example) during the first 
quarter-cycle of the system clock. The output of AND 
gate 122a is connected to port 32a, and is designated 
SEL30A; port 32a is operable to select address lines 30a 
of data bus 30 for application to decoder 33 of RAM 16 
responsive to line SEL30A in its “1” logic state. Con 
versely, line SEL30B is connected to the output of 
AND gate 122b, which performs the logical AND of 
the output of decoder 120b and clock signal Q2. Port 
32a therefore only selects address lines 30b for applica 
tion to decoder 33 of RAM 16 when the value on ad 
dress lines 30b is between 801000, and 8013FF, during 
the third quarter-cycle of the system clock. It is there 
fore apparent from this description and from FIG. 5 
that sets of address lines 30a and 30b of data bus 30 can 
never create a conflict for being directed to the same 
memory 16, 18 or 20 (or external) during a given cycle 
because of the time-multiplexing of the two addresses 
within a cycle performed by controller 14 as shown in 
FIG. 5. It should also be apparent that the addresses on 
sets of address lines 30a and 30b are at the highest prior 
ity, relative to the address lines in program bus 34 and 
DMA bus 38, since the value of the address values on 
buses 34 and 38 are not considered in the generation of 
the "1" logic state on lines SEL30A and SEL30B by 
controller 14. 
Such priority control is enabled by controller 14 

relative to address lines 34a of program bus 34, and 
address lines 38a of DMA bus 38. Decoder 122c which 
receives address lines 34a of program bus 34 at its input, 
and generates a '1' logic state online M34A responsive 
to the address value being between 801.000h and 
8013FFh, similarly as decoders 122a and 122b. Line 
M34A is connected to one input of each of AND gates 
124a and 124b, which generates a signal at its output 
corresponding to the logical AND of its three inputs. A 
second input of AND gate 124a is connected to clock 
signal Q1, and a third, inverted, input of AND gate 
124ais connected to line M30A; accordingly, the output 
of AND gate 124a is at a "1" logic state corresponding 
to the address value on address lines 34a corresponding 
to a memory location in RAM 16 (in this example) 
during the first quarter-cycle of the system clock, if and 
only if the address value of address lines 30a of data bus 
30 does not so correspond to a RAM 16 memory loca 
tion. This "1" logic state is applied to port 32a on line 

65 

SEL34, indicating that address lines 34a of program bus 
34 is to be selected for application to RAM 16, via OR 
gate 126. The application of address lines 34a to RAM 
16 by port 32a is similarly enabled by AND gate 124b, 
so long as line M30B is low (i.e., the address on address 
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lines 30b corresponds to a memory location outside of 
the memory space for RAM 16). 
The selection of address lines 38a of DMA bus 38 by 

port 32a is enabled by a "1" logic state on line SEL38. 
Similarly as the “1” logic state on line SEL34, the “1” 
logic state on line SEL38 is generated by way of de 
coder 120d (having line M38A at its output which has a 
'1' logic state when the address value of lines 38a are 
within the address space of RAM 16), AND gates 128a 
and 128b, and OR gate 130. AND gates 128a and 128b 
each have a fourth, inverted, input, however, which is 
connected to line M34A from the output of decoder 
120c. Accordingly, the selection of address lines 38a of 
DMA bus 38 is at even a lower priority than address 
lines 34a of program bus 34, since in order to generate 
a '1' state on line SEL38, since both the address value 
on address lines 30a (or 30b, depending upon which 
quarter-cycle is current) of data bus and the address 
value on address lines 34a must not correspond to a 
memory location within RAM 16 (in this example). 
As shown in FIG. 5, port 32d is similarly enabled by 

lines SEL16 (i.e., lines SEL30A, SEL30B, SEL34, and 
SEL38) to select the proper data lines of data bus 30, 34 
or 38 for connection to the corresponding memory (in 
this example, RAM 16). Since data lines 30d are ac 
cessed by both address lines 30a and address lines 30b of 
data bus 30, lines SEL30A and SEL30B are ORed for 
purposes of the selection of data lines 30d of data bus 30. 
It should also be noted that ports 32a and 32d are each 
tri-stated in the event that none of the address lines 30a, 
30b, 34a or 38a are within the address space of the cor 
responding memory. This precludes the associated 
memory from interfering with data lines 30d, 34d, or 
38d when not selected. 
As shown above in FIGS. and 4, memory arbitra 

tion logic 206 in controller 14 generates select outputs 
via lines SEL 18 and SEL20 to ports 32a and 32d of mem 
ories 18 and 20, respectively. In addition, memory arbi 
tration logic 206 provides select outputs via lines SEL24 
and SEL26 to peripheral ports 24 and 26 in a fashion 
similar as that described hereinabove relative to FIG. 5. 
Within peripheral ports 24 and 26, multiplexers 100, 
102, 106 and 108 of FIG. 3 are enabled based on the 
same priority scheme, depending upon the address val 
ues on said address lines 30a, 30b, 34a and 38a. 

Control of read and write operations for the various 
memory devices is accomplished by way of certain of 
the control outputs from sequential logic 202b in con 
trol logic 202 of controller 14, shown in FIG. 4. This 
function, as the other control functions performed by 
controller 14, occurs responsive to the instruction codes 
received and decoded by controller 14. 

Referring now to FIG. 5a, the timing and prioritiza 
tion of a series of memory accesses is shown in order to 
illustrate the parallel and dual access features of the 
instant invention. The top line of FIG. 5a illustrates the 
operation of the system clock signal on line CLKIN, 
with the cycles numbered for ease of correlation with 
the description hereinbelow. Clock signals Q1 and Q2 
are illustrated as described hereinabove, with clock 
signal Q1 active during the first quarter-cycle of the 
system clock period, and with clock signal Q2 active 
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24 
during the third quarter-cycle of the system clock per 
iod. For purposes of clarity, the examples illustrated in 
FIG. 5a are all read accesses to the various memories. It 
should be noted that write accesses to RAMs 16 and 18, 
and to external memory, are prioritized and granted in 
the same way as the read accesses shown in FIG. 5a, 
only with the memories responsive to writing in the 
value of the associated data lines. 

During the first cycle of system clock CLKIN shown 
in FIG. 5a, address lines 30a are carrying an address 
value i, which corresponds to a memory location in 
RAM 16; similarly, address lines 30b are carrying an 
address value j1, which corresponds to an address value 
in ROM 20. Responsive to clock signal Q1 active, RAM 
16 presents the contents of memory location i on data 
lines 30d of data bus 30. Responsive to clock signal Q2 
active in the third quarter-cycle of system clock 
CLKIN, ROM 20 presents the contents of memory 
location j1 on data lines 30d of data bus 30. Of course, 
since address lines 30a and 30b are referring to different 
memories, no conflict arises therebetween. 
Also during the first cycle of system clock CLKIN 

shown in FIG. 5a, address lines 34a of program bus 34 
are carrying an address value k which also corresponds 
to a memory location in ROM 20. Since address lines 
30b of data bus 30 have priority over address lines 34a 
of program bus 34, ROM 20 is not responsive to address 
lines 34a since address lines 30b are granted access to 
ROM 20. Accordingly, data lines 34d of program bus 34 
remain in a high-impedance state, since no other mem 
ory is accessed by address value k1, and since RAM 16 
is accessed instead by address lines 30a and 30b. Sini 
larly during the first cycle, address lines 38a of DMA 
bus 38 are carrying address value 11 which corresponds 
to a memory location in RAM 16; since address lines 
38a have a lower priority than address lines 30a of data 
bus 30, data lines 38d of DMA bus 38 are also in a high 
impedance state. Since a conflict in the attempted access 
of a single memory device by two of buses 30, 34 and 38 
has occurred, controller 14 will cause, via control logic 
202, the desired memory address of the lower priority 
bus to continue to be presented, so that as soon as access 
to the memory can be granted, the execution of the 
program will begin again from the same point for the 
one of buses 34 or 38 denied access. 

In the second cycle shown in FIG. 5a, address lines 
30a and 30b present address values i2 and j2, respec 
tively, to RAM 18; accordingly, data lines 30d are pres 
ented with the contents of memory locations i2 and j2 
responsive to clock signals Q1 and Q2, as in the first 
cycle. No conflict occurs because of address lines 30a 
and 30b both referring to RAM 16, since the separate 
sets of address lines 30a and 30b are controlled, by oper 
ation of controller 14 as described relative to FIG. 5, to 
be presented to RAM 16 at separate times within the 
system clock period. Address lines 34a of program bus 
34 continue to carry address value k which corre 
sponds to a memory location in ROM 20; since address 
lines 30a and 30b are accessing RAM 16, program bus 
34 is then granted access to ROM 20, and responsive to 
clock signal Q1, the contents of memory location k1 in 
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ROM 20 are presented on data lines 34d of program bus 
34. Also during the second cycle shown in FIG. 5a, 
address lines 38a of DMA bus 38 continue to carry 
address value 11 corresponding to a memory location in 
RAM 16; since neither data bus 30 nor program bus 34 
has been granted access to RAM 16, RAM 16 presents 
the contents of memory location 12 on data lines 38d of 
DMA bus 38, responsive to clock signal Q1. It is there 
fore apparent that microcomputer 10, constructed ac 
cording to the instant invention, is capable of having 
three parallel accesses to three different memory loca 
tions occurring simultaneously. Taking into consider 
ation the intra-cycle multiplexing of sets of address lines 
30a and 30b of data bus 30, the capability of four mem 
ory accesses within a single system clock cycle may be 
performed. 
The third cycle of system clock CLKIN illustrated in 

FIG. 5a shows the effect of address lines 30a of data bus 
30 taking priority over address lines 38a of DMA bus 
38. As clock signal Q1 goes active, both address lines 
30a and address lines 38a are carrying address values 
within the address space of RAM 18 (values i3 and 12, 
respectively). Accordingly, data bus 30 is granted ac 
cess to RAM 18 over DMA bus 38; data lines 30d of 
data bus thus are presented with the contents of mem 
ory location is, while data lines 38d of DMA bus 38 go 
to a high-impedance state. However, upon clock signal 
Q2 going active, address lines 38a of DMA bus are 
granted access to RAM 18, since address lines 30a of 
data bus 30 are granted access only responsive to clock 
signal Q1. Since address lines 30b are carrying address 
value j; corresponding to a memory location in RAM 
16, address lines 38a access RAM 18, so that data lines 
38d are presented with the contents of memory location 
12 of RAM 18 responsive to clock signal Q2. 
In the fourth cycle shown in FIG. 5a, address lines 

34a are carrying address value k3, which correspond to 
a memory location in RAM 18; similarly, address lines 
38a are carrying address value 13, also corresponding to 
a memory location in RAM 18. As described above, 
program bus 34 is granted priority over DMA bus 38. 
Accordingly, responsive to clock signal Q1, data lines 
34d of program bus 34 are presented with the contents 
of memory location k3 of RAM 18, while data lines 38d 
of DMA bus 38 are in their high-impedance state. The 
fifth cycle shown in FIG. 5a illustrates that external 
memory can be accessed by address lines 34a, carrying 
an address value k5 corresponding to a memory location 
in external memory; DMA bus 38 and data bus 30 are 
active simultaneously with the access of external mem 
ory by program bus. As described above, the external 
memory access will occur by way of peripheral port 24; 
as will be described below, during a DMA operation, 
peripheral port 26 will be disabled. 

In addition, it should be noted that the source of the 
address and data information, and the destination of the 
data, sought by said buses 30, 34 and 38 is not specified 
in the above description relative to FIGS. 5 and 5a. As 
described above, however, one of the primary functions 
of controller 14 in its decoding and execution of instruc 
tion codes is to control the various functional blocks of 
microcomputer 10 so that no two functional blocks 
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(e.g., peripheral port 24 and CPU 12) attempt to take 
control of the same bus (e.g., data bus 30). Such bus 
control and arbitration at the end of the bus away from 
the memories 16, 18 and 20 (or external memory) is 
performed by controller 14 in a manner which is well 
known in the art, and which is performed in many gen 
eral and special purpose microprocessors and mi 
crocomputers currently available. 

It is therefore apparent from the description herein 
above that various combinations of memory utilization 
may be effected within the single address space of mi 
crocomputer 10. This is made possible by the accessibil 
ity of each of the various memory entities (i.e., RAM 16, 
RAM 18, ROM 20 and external memory) by each of the 
three buses 30, 34 and 38. Accordingly, while controller 
14 addresses and receives the instruction codes by way 
of program bus 34, such addresses may reside in RAM 
16 along with the data memory accessible by CPU 12 
using data bus 30. This organization therefore makes 
possible a von Neumann application for microcomputer 
10, by using a single memory (e.g., RAM 16) as both 
program and data memory, with no partitioning re 
quired within RAM 16 to effect this operation. How 
ever, microcomputer 10 can also be utilized in a Har 
vard configuration by storing program memory in 
ROM 20, for example, and by storing data memory in 
RAM 16. Controller 14 can then access ROM 20 for 
instruction codes concurrently with CPU 12 accessing 
RAM 16 for data operands, thereby achieving the per 
formance improvement of a Harvard machine, in return 
for partitioning memory accordingly. In addition, some 
benefits of both a von Neumann and a Harvard configu 
ration can be achieved by using a single memory such as 
RAM 16, because of the dual access feature of mi 
crocomputer 10. The dual access feature allows two 
accesses in a single system clock cycle, even to the same 
memory, because of the time-multiplexed feature used 
by data bus 30. This allows the same physical memory 
space to be used for both data and program memory, 
while still achieving the performance advantage of two 
separate memories. It should also be apparent that, be 
sides being configurable into the two configurations, 
microcomputer 10 can be so reconfigured dynamically, 
so that certain tasks may be performed in a von Neu 
mann manner and certain other tasks in a Harvard man 
ner. Accordingly, microcomputer 10 constructed ac 
cording to the instant invention allows the user to opti 
mize microcomputer 10 based upon the desired applica 
tion. 

Referring now to FIG. 6, the construction and opera 
tion of DMA controller 22 will be described. As is well 
known, direct memory access operations are useful in 
moving blocks of stored data from one memory area to 
another without intervention of the central processing 
unit (e.g., CPU 12). For microcomputer 10 described 
herein, direct memory access is also useful for moving 
blocks of data between external memory and on-chip 
memories 16 and 18. As shown in FIGS. 1 and 6, DMA 
controller 22 is connected to DMA bus 38 and to pe 
ripheral bus 28, for communication of data on DMA bus 
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28 and for receipt of control and source/destination 
address information from peripheral bus 28. 

It should be noted that peripheral bus 28 contains 
address lines 28a and data lines 28d, which carry ad 
dress information and data, respectively, in the same 
manner as data bus 30, program bus 34, and DMA bus 
38 discussed heretofore. Referring back to FIG. 1, it is 
apparent that address lines 28a and data lines 28d of 
peripheral bus 28 are directly connected, and therefore 
correspond, to the lines I/OAn and I/ODn, respec 
tively, at the output of peripheral port 26. Accordingly, 
in order to present an address, or communicate data 
from or to, peripheral bus 28, the desired address must 
correspond to a value within the memory address space 
of microcomputer 10 which corresponds to an address 
serviced by peripheral port 26. The memory-mapped 
registers within DMA controller which are described 
below are therefore within the memory address space 
800000 through 800FFFreferred to above in Table 3. 
DMA controller 22 contains control register 300, 

transfer counter register 302, destination address regis 
ter 304 and source address register 306, each of which 
are connected to address lines 28a and data lines 28d of 
peripheral bus 28, and each of which are mapped into 
unique address locations of the memory address space 
of microcomputer 10. DMA controller 22 further con 
tains data register 308, which is connected to data lines 
38d of DMA bus 38; address lines 38a of DMA bus are 
connected to destination address register 304 and source 
address register 306. Control logic 310 is connected to 
control register 300 so that the contents of the bits 
therein will effect the control of DMA controller 22. 
Control logic 310 generates a signal to transfer counter 
register 302 on line DECR and receives a signal from 
transfer counter register 302 on line ZERO. Control 
logic 310 provides signals to destination address register 
304 and source register 306 on lines LOAD and INC 
/DECR; control logic further provides signals to data 
register 308 on lines WRITE and STORE. To effect the 
desired memory read/write operations, control logic 
310 generates read/write signals which are connected 
to controller 14, so that controller 14 can generate such 
control signals to memories 16, 18 and 20, and to periph 
eral ports 24 and 26, as discussed above relative to mem 
ory access control by controller 14. 

Control register 300 is a twelve-bit addressable regis 
ter which is written to in order to configure DMA 
controller 22; the contents of control register 300 are 
illustrated in FIG. 7, and are described in further detail 
below. Transfer counter register 302 is a twenty-four bit 
addressable register, and which is to be loaded from 
peripheral bus 28 with the number of memory locations 
to be transferred in the DMA operation. Transfer 
counter register 302 is decremented by a pulse on line 
DECR, and sends a signal to control logic 310 on line 
ZERO when its contents equal zero. Source address 
register 306 and destination address register 304 are 
addressable twenty-four bit registers which store the 
memory addresses from and to which data are to be 
transferred, respectively. The contents of source ad 
dress register 306 and destination address register 304 
are originally loaded from the twenty-four least signifi 
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cant bits of data lines 28d of peripheral bus 28; depend 
ing upon the contents of control register 300, source 
address register 306 and destination address register 304 
are incremented or decremented responsive to pulses on 
lines INC/DECR from control logic 310. Data register 
308 is a temporary register for buffering data from data 
lines 38a of DMA bus 38; the value on data lines 38d are 
loaded into data register 308 responsive to a signal on 
line WRITE, and the contents of data register 308 are 
presented to data lines 38d responsive to a signal on line 
STORE, 

Referring now to FIG. 7, the contents of control 
register 300 will be described in detail, relative to the 
operations controlled thereby. Control register 300 
contains two START bits 300a and 300b, which control 
the starting and stopping of the DMA operation. As 
described above generally, it is useful to control a DMA 
operation so that it may stop at various points therein, 
without loss of context and without performing reads or 
writes which will necessarily need to be repeated upon 
restart of the DMA operation. Accordingly, START 
bits 300avb contain a two-bit code for indicating the 
start and stop condition selected by the user of mi 
crocomputer 10, according to Table 4 below. 

TABLE 4 
Bits 300 a/b Start/stop condition 

00 Abort transfer; reset to read 
O1 Stop upon completion of current 

read or write 
10 Stop upon completion of current 

transfer (i.e., after the 
next write) 

l Restart from current condition 

Bits 300c and 300d are read-only bits (relative to 
microcomputer 10) which DMA controller 22 writes 
with the status of the DMA operation being performed. 
Table 5 illustrates the states indicated by the various 
codes which can be contained within bits 300c and 300d 
of control register 300. 

TABLE 5 
Bits 300 CAd Status 

00 DMA being held between write and 
read 

O DMA being held between read and 
write 

1 DMA busy 

State 10 is undefined. As will be illustrated below rela 
tive to FIG. 8, the status of bits 300c/d of control regis 
ter 300 are not only readable by the remainder of mi 
crocomputer 10, but will also be used in the control 
flow of a DMA operation. 

Source INC/DEC bits 300e and 300f indicate, when 
set, whether the contents of source address register 306 
are to be incremented or decremented, respectively, 
upon completion of the DMA read. If INC/DEC bits 
300e and 300fare both set or both reset, the contents of 
source address register 306 will not be modified after 
the DMA read. Destination INC/DEC bits 300g and 
300h similarly control the modification of destination 
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address register 304 after the completion of a DMA 
Write. 

Sync bits 300i and 300j allow configuration of the 
synchronization of DMA controller 22 with either the 
source or destination of the transferred data. Interrupt 
synchronization of the DMA operation allows the 
DMA operation to be controlled so that the receipt or 
transmission of data from external sources can be done 
without conflict among CPU 12, DMA controller 22, 10 
and the external source, even though operating at dif 
ferent speeds. As mentioned above, the interrupt syn 
chronization occurs relative to system interrupts (as 
serted externally or internally), rather than by dedicated 
DMA interrupt pins, reducing the number of external 
terminals, accordingly. In addition, the use of system 
interrupts to control the DMA operation also requires 
only a single interrupt connection between the external 
device and microcomputer 10, rather than requiring 
multiple interrupt lines connected between the external 
device and microcomputer 10 and the associated decod 
ing circuitry at the external device to properly assert 
the CPU and DMA interrupt lines, as necessary. Table 
6 lists the synchronization modes performable by DMA 25 
controller 22, according to the states of bits 300i and 
300j. 

5 

TABLE 6 
Bits 300 i? Interrupt synchronization 30 

00 No interrupt synchronization. 
Ol Source synchronization; DMA read 

on interrupt, write when 
available 

10 Destination synchronization; DMA 
read when available; write on 35 
interrupt 
Source and destination sync, DMA 
read on interrupt; write on 
next interrupt 

The state of TC bit 300k of control register 300 indi 
cates to control logic 310 whether or not the DMA 
transfer is to occur for a predetermined number of cy 
cles, as stored in transfer counter register. When TC bit 
300k is set to a '1' state, the DMA transfer is termi- 45 
nated upon transfer counter register 302 reaching zero, 
and when reset to a '0' state, TC bit 300k indicates that 
the DMA transfer is not controlled by the contents of 
transfer counter register 302 (i.e., the transfer is not 
terminated on transfer counter register 302 reaching 
zero). 
TCINT bit 3001, when set to a “1” state, indicates to 

control logic 310 that an internal interrupt is to be issued 
to interrupt control logic 250 (i.e., an internal interrupt 55 
enabled by bits DINT of interrupt enable registers 252 
and 253), when the contents of transfer counter register 
302 reach zero. When reset, no such interrupt is as 
Serted. 

Control logic 310 communicates with controller 14 
so that the DMA controller 22 operates consistently 
with the rest of microcomputer 10, Referring to FIG. 8, 
control logic 310 is illustrated as containing ready logic 
320 and operating logic 330. Ready logic 320 communi- 6s 
cates with controller 14 by way of line 312, which ready 
logic 320 asserts as an internal interrupt signal at the end 
of a DMA transfer (according to the state of bit TCINT 

50 

30 
discussed above), and line 322, upon which ready logic 
320 receives an enabled interrupt received signal from 
interrupt logic 250 in response to an interrupt being 
received by interrupt logic 250 which is enabled for 
purposes of DMA, as described above. Ready logic 320 
further receives a reset signal on line 316 from control 
ler 14. With respect to the remainder of DMA control 
ler 22, ready logic 320 receives line ZERO from TC 
register 302, and communicates with control register 
300 via bus 317. Ready logic 320 also has an output on 
line READY, which it presents to DMA operating 
logic 330 to indicate that a DMA transfer is to begin, 
and on line INT, by which ready logic 320 communi 
cates that an enabled interrupt has been received, as 
indicated by line 322. 

Operating logic 330 performs the function of control 
ling communication between various registers within 
DMA controller 22 and DMA bus 38a and 38d at such 
time as required during a DMA transfer. Operating 
logic 330 is bidirectionally connected to control register 
300 by way of bus 317. Lines LOAD and INC/DECR 
output signals from operating logic 330 to source regis 
ter 306 and to destination register 304. Line DECR 
connects operating logic 330 to TC register 302. Con 
trol of data register 308 is accomplished by operating 
logic 330 by way of lines WRITE and STORE. The 
operation of these lines will be described with reference 
to FIGS. 9a and 9b hereinbelow, 
As described above, the DMA operation performed 

under the control of DMA controller 22 can be inter 
rupt-synchronized. Also as described above relative to 
controller 14, internally generated interrupts are re 
ceived and handled by interrupt logic 250 therein. In 
the event that interrupt logic 250 receives an interrupt 
which is enabled by the corresponding bit in DMA 
interrupt enable register 253 but which is not enabled by 
the corresponding bit in CPU interrupt enable register 
252, controller 14 will signal ready logic 320 by way of 
line 322. Ready logic 320 communicates the same to 
operating logic 330 via line INT. Operating logic 330 
further receives signals on line 326 from ports 24 and 26, 
indicating that the memory or input/output device 
being accessed is busy. 

In operation, transfer counter register 302, destina 
tion address register 304, and source register 306 are 
first loaded with the initial conditions as desired. Each 
of these registers 302, 304 and 306 are addressable by 
address lines 28a of peripheral bus 28 using a normal 
memory write instruction executed by microcomputer 
10; implicit in FIG. 6 for each of the registers 302, 304, 
and 306 is decoding logic for controlling the loading of 
said registers 302,304 and 306 when addressed. Control 
register 300 is also loaded by addressing its memory 
location, thereby configuring DMA controller 22 as 
desired. 

Referring now to FIGS. 9a and 9b, the operation of 
DMA controller 22 will be described. The detailed 
construction of ready logic 320 and operating logic 330 
within control logic 310 will not be described herein for 
the sake of brevity, but consists of such combinational 
logic as required to accomplish the functions described 
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below with reference to the flows of FIGS. 9a and 9b. 
The actual logic contained therein is such as can be 
easily constructed by one of ordinary skill in the art. 
The operation of a DMA transfer will be described 

herein, beginning with a hardware reset asserted by line 
316 of FIG. 8. As shown by step 800, the value 00 is 
written at reset into status bits 300c/d of control register 
300. To effect the beginning of the DMA transfer, ready 
logic 320 examines start bits 300a/b of control register 
300, shown by steps 802 and 804 of FIG. 9a. As de 
scribed above, if the value 11 in bits 300a/b indicate that 
the user wishes to begin the DMA transfer from the 
current condition, DMA controller 22 will proceed 
with the transfer. If the value in bits 300a/b is 10 (step 
804), indicating that the DMA transfer is to be stopped 
only after completion of the write, the contents of status 
bits 300c/d will be examined in step 806. If start bits 
300a/b contain either a 00 or a 01 code, the DMA trans 
fer will not continue. As shown in Table 4, the 00 start 
code indicates unconditional stopping of the DMA 
transfer, and the 01 code indicates that the DMA trans 
fer is to be stopped after the current operation (no such 
operation yet beginning at this point in the flow). If the 
transfer is not to begin, ready logic 320 will loop to 
repeatedly examine the contents of start bits 300a/b to 
detect the writing of a different code thereinto. If bits 
300a/b contain the value 01 at step 804, step 806 is 
performed to determine if the DMA transfer is between 
a read and a write (i.e., if status bits 300o/d contain the 
value 01). If such is the case, the transfer will proceed. 
At step 808 shown in FIG. 8a, TC bit 300k of control 

register 300 is examined to determine if the contents of 
TC register 302 will be controlling the DMA. If TC bit 
300k contains a 0, the transfer will proceed regardless of 
the contents of TC register 302. If TC bit 300k contains 
a l, indicating that the DMA is to stop when the con 
tents of TC register 302 are zero, line ZERO shown in 
FIGS. 6 and 8 is evaluated by ready logic (step 810) 
and, if indicating that the contents of TC register 302 
are zero, ready logic 320 will not proceed with the 
DMA and will return to step 302 to reevaluate the 
contents of start bits 300awb, and the contents of TC bit 
300k and TC register 302. If the contents of TC register 
302 are non-zero, or if TC register 302 is not controlling 
the DMA, the transfer will continue by ready logic 320 
asserting line READY to operating logic 330. 

Operating logic 330, in step 812, evaluates the con 
tents of status bits 300c/d to determine if a read or a 
write is to be set by the operating logic 330. As shown 
in Table 5, status bits 300 c/d containing the code 11 
indicates that a DMA is in progress; operating logic 330 
will thus unconditionally continue the DMA transfer 
without resetting either condition. If the code in status 
bits 300c/d is not 11, step 814 determines if the transfer 
is between a write and a read (i.e., at the beginning of a 
new DMA transfer), or between the read and the write 
within a DMA transfer. In this example proceeding 
from the reset condition, the contents of status bits 
300c/d will contain the value 00 from step 800, and thus 
a read operation will occur (step 816). 

In step 818, operating logic 330 evaluates line INT 
from ready logic 310 to determine if an enabled inter 
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rupt has been received. If such an interrupt has been 
received, the operation will proceed to point A of FIG. 
9b, from which the operation of the DMA will be dis 
cussed below. If no interrupt has been received, operat 
ing logic 330 will evaluate the contents of sync bits 
300i/i of control register 300 to determine if interrupt 
synchronization is desired (i.e., since no interrupt is 
received, it must be determined if an interrupt is needed 
to continue). Step 820 first is performed to determine if 
the transfer is prior to a read or a write operation. If 
prior to a write operation, and if sync bits indicate that 
neither destination synchronization nor source and des 
tination synchronization are asserted (bits 300i/f neither 
10 nor 11), the DMA operation will proceed from point 
A. 

Referring back to the immediate example, since the 
DMA transfer is beginning from reset, the transfer is at 
a point prior to a read operation. Sync bits 300i/i are 
thus evaluated by operating logic 330 in step 824 to 
determine if either source synchronization or source 
and destination synchronization are desired (i.e., sync 
bits 300i/f either 01 or 11). If either is required and no 
interrupt has occurred, control of the operation passes 
to point B on FIG. 9a, where start bits 300a/b are evalu 
ated in step 826 to determine if an abort is being called. 
If so, the DMA operation begins again from step 800, 
resetting the contents of status bits 300c/d. If no abort is 
called, status bits 300c/d are loaded with the busy code 
(11, from Table 5), and the operation begins again from 
step 802. It should be noted that the loading of the code 
11 into status bits 300c/d allows the operation to pro 
ceed (after evaluation of the start bits 300azb in step 802 
et seq.), without resetting the read and write condition 
in steps 814,816 and 817. In effect, if source synchroni 
zation is desired and no interrupt occurs, control of the 
operation passes through a loop, exiting either to com 
pletion of the transfer upon receiving an interrupt (step 
818), or to the reset condition upon receiving the abort 
code (step 826). 

Beginning with point A of FIG. 9b, where an inter 
rupt has been received, or if no interrupt has been re 
ceived but synchronization is not required, step 830 
determines if the transfer is prior to a read or to a write. 
In the example beginning from reset where a read is first 
to be performed, DMA operating logic 330 will place a 
signal on line LOAD to source register 306 to cause it to 
place its contents onto address lines 38d of DMA bus 38 
(step 832); operating logic 330 will also cause the asser 
tion of such control signals to the necessary source 
location for the DMA operation (e.g., via port 24), to 
effect the read operation. If external memory is being 
addressed, generally requiring multiple clock cycles to 
complete the access, a busy signal will be received by 
operating logic 330 on lines 326 from the appropriate 
port 24 or 26, indicating that an access is in progress to 
the addressed source location; such a busy signal can be 
generated from the complement of the RDY13 signal 
received by port 24 of FIG. 3, for example. Internal 
memory such as RAM 18 may be accessed in the DMA 
transfer, also, although the access will occur within a 
machine cycle as described above, minimizing the busy 
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time in the DMA transfer. So long as the memory is 
busy (step 834), operating logic 330 will examine start 
bits 300aab to look for the abort code 00 (step 836) and, 
if not received, will place the DMA busy code 11 in 
status bits 300c/d of control register 300 (step 838). This 
loop will be repeatedly performed until the busy signal 
from the accessed memory is removed, indicating that 
the memory access is complete. If the abort code is 
received by start bits 300a/b during this loop, the DMA 
operation will unconditionally abort and will transfer 
control to step 800 of FIG. 9a. 
Upon completion of the memory access, in this case a 

read, operating logic 330 will assert line STORE to data 
register 308 so that the logic states on data lines 38d will 
be loaded into data register 308 (step 844). If the abort 
code 00 is not present in start bits 300a/b (step 846), the 
code 01 will be loaded by operating logic 330 into status 
bits 300c/d of control register 300, indicating that the 
DMA transfer is now between the read and the write 
operations. 
Once the read is completed, ready logic 320 again 

analyzes the start bits 300a/b in step 802 to determine 
the code therein; as shown in Table 4, a start code 11 
will unconditionally continue the DMA operation. If 
start bits 300aab contain the code 01, indicating that the 
DMA operation is to be stopped at the end of the cur 
rent operation (i.e., the read operation just completed), 
ready logic 320 will enter the loop of steps 802 and 804 
to examine the contents of start bits 300a/b until 
changed. In the example described herein, if start bits 
300a/b contain the code 10 (indicating that the DMA 
transfer is to be aborted at the end of the current write 
operation), since status bits 300c/d contain the code 01 
from step 848, the operation will continue with step 808. 
Since the contents of TC register 802 are not changed 
by the performance of a read, ready logic will assert line 
READY to operating logic 330 after completing step 
808 or step 810, as the case may be. 

Since status bits 300c/d contain the code 01 at steps 
812 and 814, operating logic 330 will be set up for the 
write operation (step 817). The program loop by which 
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an interrupt is either detected, or not detected and de-. 
termined not to be needed will be performed in steps 
818, 820, and 822 as described above for the read opera 
tion so that the write operation is held awaiting an inter 
rupt in the event that either destination synchronization 
or source and destination synchronization is desired. 

Control again begins at point A of FIG.9b once all 
necessary interrupts are received. In the write opera 
tion, operating logic 330 causes destination register 304 
to place its contents on address lines 38a of DMA bus 
38, by way of line LOAD in step 850, and similarly 
causes data register 308 to place its contents on data 
lines 38d of DMA bus 38 by way of line WRITE in step 
852. The necessary control signals to effect a write 
operation are also asserted at this time. Operating logic 
330 also at this time, in step 854, asserts line DECR to 
TC register 302 to cause TC register 302 to decrement 
its contents. Operating logic 330 then, as in the read 
case, enters the memory busy loop of steps 834, 836, and 
838 until either the memory is no longer busy or until 
the operation is aborted. The DMA transfer of the data 
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read from the source location, stored in data register 
308, and written to the destination location, is then 
complete. Operating logic 330 then in step 856 causes 
the contents of destination register 304 and source regis 
ter 308 to be incremented or decremented, via lines 
INC/DECR, as indicated by bits 300e through 300h in 
control register 300. 

After completion of the write operation to memory, 
ready logic 320 will evaluate TCINT bit 3001 of control 
register 300 to determine if an interrupt is to be asserted 
by ready logic 320 on line 312 if the data block to be 
DMA transferred is complete (i.e., if TC register 302 is 
at zero). If no interrupt is to be so asserted, control 
passes back to the reset state at step 800. If an interrupt 
is to be asserted (as indicated by step 858), line ZERO 
from TC register 302 is evaluated and if it indicates that 
the contents of TC register 302 are zero (step 860), 
ready logic 320 asserts an interrupt on line 312 at step 
862, and then proceeds to the reset state. If the contents 
of TC register 302 are non-zero, control passes to the 
reset state at step 800 to begin the next DMA transfer 
operation. 

Referring now to FIG. 10, a simple system incorpo 
rating microcomputer 10 and external memory is illus 
trated. Memories 400 and 402 are connected to buses 
consisting of data lines D and address lines An con 
trolled by port 24, as shown in FIG. 3. A control bus 
Cn serves to connect the control signals (such as RDY13 
, HOLD-, HOLDA-, STRB-, and R/W for con 
trol of memories 400 and 402 from port 24, also as 
shown in FIG. 3. As memories 400 and 402 are so con 
nected to port 24, and are memory-mapped within the 
address space of microcomputer 10, the DMA transfer 
described above may occur from, to, or both from and 
to, external memories 400 and 402. Of course, internal 
memory such as RAMs 16 and 18 can of course also 
serve as the source or destination location for a DMA 
transfer (indeed, ROM 20 may serve as a source), either 
with a corresponding source or destination in external 
memories 400 and 402 in internal memory within mi 
crocomputer 10. Referring again to FIG. 10, memory 
400 is shown as providing a signal on line INT1 to mi 
crocomputer 10; memory 400 can thus assert an inter 
rupt for purposes of DMA synchronization as described 
above, assuming that the corresponding bits are set (and 
not set) in interrupt enable registers 252 and 253, and 
assuming that the desired synchronization is set in sync 
bits 300i/f of control register 300. Similarly, memory 
402 can drive line INT0 to microcomputer 10 so as to 
synchronize it with a DMA operation, as desired. 

It is of course also apparent from FIGS. 1 and 3 that 
other external memories may be connected to mi 
crocomputer 10 by way of port 26, and that such other 
external memories may also serve as source, destination, 
or both, for a DMA transfer as described above under 
the control of DMA controller 22. 
As is evident from this description, DMA controller 

22 is thus operable to transfer the contents of a series of 
memory locations from the block of memory beginning 
with the initial source address, to a series of memory 
locations in a block of memory beginning with the desti 
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nation address. This operation as described herein does 
not require the intervention of CPU 12 and, since DMA 
bus 38 provides a separate address and data path for 
DMA purposes, can allow such a DMA operation to 
take place simultaneously with program and data ac 
cesses in the normal operation of microcomputer 10. 
DMA operations can thus occur essentially transparent 
to the operation of microcomputer 10, greatly enhanc 
ing its performance. 

It should further be evident from the above descrip 
tion that the use of multiple start bits 300a/b provides 
for an increased level of control of the DMA operation. 
Microcomputer 10 can abort the DMA operation at 
various places throughout the operation (steps 802,826, 
836, and 846, for example). However, the option of 
aborting the DMA at the end of the current operation 
(start code 01), allows for the completion of a read 
cycle once it has begun, allowing the DMA transfer to 
begin again directly with a write, and without repeating 
the read cycle. In addition, further flexibility is pro 
vided by providing the start code which allows for 
completion of a complete read/write transfer, further 
minimizing the necessity of repeated operations if only 
a full abort is provided. 

It should further be evident that the remainder of 
microcomputer 10 can read status information written 
by DMA controller 22 in status bits 300c/d by way of 
peripheral bus 28, as control register 300 is memory 
mapped into the address space of microcomputer 10. In 
addition, the use of system interrupts to synchronize the 
DMA operation with either or both the source and 
destination memories removes the need for dedicated 
interrupt terminals of microcomputer for the operation 
of DMA synchronization. 
Although the invention has been described in detail 

herein with reference to its preferred embodiment, it is 
to be understood that this description is by way of ex 
ample only, and is not to be construed in a limiting 
sense. It is to be further understood that numerous 
changes in the details of the embodiments of the inven 
tion, and additional embodiments of the invention, will 
be apparent to, and may be made by, persons of ordi 
nary skill in the art having reference to this description. 
It is contemplated that such changes and additional 
embodiments are within the spirit and true scope of the 
invention as claimed below. 
We claim: 
1. A microcomputer, comprising: 
a central processing unit for performing data process 

ing instructions; 
a bus, connected to said central processing units; 
a DMA control register connected to said central 

processing unit for storing a start code of at least 
two bits; and 

a DMA controller, connected to said bus and to said 
DMA control register, for reading data from said 
bus by placing a source memory address signal 
thereupon and receiving data therefrom, and for 
writing data to said bus by placing a destination 
memory address signal thereupon and presenting 
data thereto, said reading and writing repetitively 
performed constituting a DMA transfer of a block, 
wherein said DMA controller begins said DMA 
transfer responsive to a first value of said start 
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code, said DMA controller further operable in 
selectable ways to stop said DMA transfer includ 
ing a first way that aborts said DMA transfer upon 
completion of a next instance of said writing re 
sponsive to entry of a second value of said start 
code into said DMA control register during a read 
in said DMA transfer, and a second way that aborts 
said DMA transfer responsive to entry of a third 
value of said start code. 

2. The microcomputer of claim 1, wherein said DMA 
controller aborts said DMA transfer upon completion 
of the current reading or writing step responsive to a 
fourth value of said start code. 

3. The microcomputer of claim 1, wherein said DMA 
control register further is for storing a status code writ 
ten thereto by said DMA controller, said status code 
indicating the status of the DMA transfer being per 
formed by said DMA controller. 

4. The microcomputer of claim 3, wherein a first 
value of said status code indicates that said DMA con 
troller has completed the reading of data from said bus. 

5. The microcomputer of claim 4, wherein a second 
value of said status code indicates that said DMA con 
troller has completed the writing of data to said bus. 

6. The microcomputer of claim 1, further comprising 
a memory connected to said bus, which is addressable 
by an address signal on said bus and which communi 
cates data to and from said bus. 

7. The microcomputer of claim 6, further comprising 
a peripheral port connected to said bus and an external 
memory connected to said peripheral port. 

8. The microcomputer of claim 1, further comprising 
a peripheral port connected to said bus and an external 
memory connected to said peripheral port. 

9. A data processing system comprising: 
a memory; 
an external bus connected to said memory; and 
a microcomputer, comprising: 
a central processing unit for performing data process 

ing instructions; 
an internal bus, connected to said central processing 

unit; 
a memory port, connected between said internal bus 
and said external bus, for communicating address 
and data signals therebetween; 

a DMA control register connected to said central 
processing unit for storing a start code of at least 
two bits; and 

a DMA controller, connected to said internal bus and 
to said DMA control register, for reading data 
from said internal bus by placing a source memory 
address signal thereupon and receiving data there 
from, and for writing data to said internal bus by 
placing a destination memory address signal there 
upon and presenting data thereto, said reading and 
writing repetitively performed constituting a 
DMA transfer of a block, wherein said DMA con 
troller begins said DMA transfer responsive to a 
first value of said start code, said DMA controller 
further operable in selectable ways to stop said 
DMA transfer including a first way that aborts said 
DMA transfer upon completion of a next instance 
of said writing responsive to entry of a second 
value of said start code into said DMA control 
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register during a read in said DMA transfer, and a 
second way that aborts said DMA transfer respon 
sive to entry of a third value of said start code; 

wherein said memory is addressable by said DMA 
controller. 5 

10. The system of claim 9, wherein said DMA con 
troller aborts said DMA transfer upon completion of 
the current reading or writing step responsive to a 
fourth value of said start code. 

11. The system of claim 9, wherein said DMA control 
register further is for storing a status code written 
thereto by said DMA controller, said status code indi 
cating the status of the DMA transfer being performed 
by said DMA controller. 

12. The system of claim 11, wherein a first value of 
said status code indicates that said DMA controller has 
completed the reading of data from said bus. 

13. The system of claim 12, wherein a second value of 20 
said status code indicates that said DMA controller has 
completed the writing of data to said bus. 

14. The system of claim 9, wherein said microcom 
puter further comprises an internal memory connected 
to said internal bus, said internal memory addressable 
by an address signal on said internal bus. 

15. The system of claim 9, further comprising: 
an interrupt line, connected between said memory 
and said microcomputer for communicating an 
interrupt signal from said memory to said mi 
crocomputer; 

wherein said microcomputer further comprises: 
a central processing unit interrupt enable register, 

connected to said central processing unit, for stor 
ing a CPU interrupt enable code; and 

a DMA interrupt enable register, connected to said 
central processing unit, for storing a DMA inter 
rupt enable code; 

wherein said DMA control register is further for 
storing a synchronization code; 

and wherein said DMA controller suspends said 
DMA transfer responsive to a first value of said 
synchronization code in said DMA control register 
until an interrupt signal occurs on said interrupt 
line from said memory when said DMA interrupt 
enable code and said CPU interrupt enable code 
represent that the interrupt signal is for said DMA 
controller and not said central processing unit. 

16. The system of claim 15, wherein said DMA con 
troller suspends said DMA transfer until an interrupt 
signal for said DMA controller occurs on said interrupt 
line from said memory between reading and writing 
responsive to said first value of said synchronization 
code, and alternatively suspends said DMA transfer 
until an interrupt signal for said DMA controller occurs 
on said interrupt line from said memory between writ 
ing and reading responsive to a second value of said 
synchronization code. 

17. The system of claim 16, wherein said DMA con 
troller suspends said DMA transfer until an interrupt 
signal for said DMA controller occurs on said interrupt 
line from said memory between reading and writing and 
between writing and reading responsive to a third value 
of said synchronization code. 

18. A microcomputer, comprising: 
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38 
a central processing unit for performing data process 

ing instructions; 
an internal bus, connected to said central processing 

unit; 
an interrupt terminal, connected to said central pro 

cessing unit, for receiving an interrupt signal to 
said microcomputer; 

a CPU interrupt enable register, connected to said 
central processing unit, for storing a CPU interrupt 
enable code; 

a DMA interrupt enable register, connected to said 
central processing unit, for storing a DMA inter 
rupt enable code; 

a DMA control register for storing a synchronization 
code; and 

a DMA controller, connected to said internal bus and 
to said DMA control register, for reading data 
from said internal bus by placing a source memory 
address signal thereupon and receiving data there 
from, and for writing data to said internal bus by 
placing a destination memory address signal there 
upon and presenting data thereto, said reading and 
writing repetitively performed constituting a 
DMA transfer of a block, wherein said DMA con 
troller suspends said DMA transfer responsive to a 
first value of said synchronization code in said 
DMA control register until an interrupt signal 
occurs at said interrupt terminal when said DMA 
interrupt enable code and said CPU interrupt en 
able code represent that the interrupt signal is for 
said DMA controller and not said central process 
ing unit. 

19. The microcomputer of claim 18, wherein said 
DMA controller suspends said DMA transfer until an 
interrupt signal for said DMA controller occurs at said 
interrupt terminal between reading and writing respon 
sive to said first value of said synchronization code, and 
alternatively suspends said DMA transfer until an inter 
rupt signal for said DMA controller occurs at said inter 
rupt terminal between writing and reading responsive 
to a second value of said synchronization code. 

20. The microcomputer of claim 19, wherein said 
DMA controller suspends said DMA transfer until an 
interrupt signal for said DMA controller occurs at said 
interrupt terminal between reading and writing and 
between writing and reading responsive to a third value 
of said synchronization code. 

21. The microcomputer of claim 18, wherein said 
DMA control register is further for storing a start code 
of at least two bits; and 
wherein said DMA controller begins said DMA 

transfer responsive to a first value of said start 
code, said DMA controller further operable in 
selectable ways to stop said DMA transfer includ 
ing a first way that aborts said DMA transfer upon 
completion of a next instance of said writing re 
sponsive to entry of a second value of said start 
code into said DMA control register during a read 
in said DMA transfer, and a second way that aborts 
said DMA transfer responsive to entry of a third 
value of said start code. 

22. The microcomputer of claim 21, wherein said 
DMA controller aborts said DMA transfer upon com 
pletion of the current reading or writing step responsive 
to a fourth value of said start code. 
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23. The microcomputer of claim 21, wherein said 
DMA control register further is for storing a status 
code written thereto by said DMA controller, said sta 
tus code indicating the status of the DMA transfer being 
performed by said DMA controller. 

24. The microcomputer of claim 22, wherein a first 
value of said status code indicates that said DMA con 
troller has completed the reading of data from said 
internal bus. 

25. The microcomputer of claim 24, wherein a second 
value of said status code indicates that said DMA con 
troller has completed the writing of data to said internal 
bus. 

26. The microcomputer of claim 21, further compris 
ing a memory connected to said internal bus, which is 
addressable by an address signal on said internal bus and 
which communicates data to and from said internal bus. 

27. The microcomputer of claim 26, further compris 
ing a peripheral port connected to said internal bus and 
an external memory connected to said peripheral port. 

28. The microcomputer of claim 21, further compris 
ing a peripheral port connected to said internal bus and 
an external memory connected to said peripheral port. 

29. A microcomputer system comprising: 
a central processing unit arranged to execute data 

processing instructions and produce digital signals; 
a memory for storing a block of data, the memory 
connected to said central processing unit; 

a peripheral device to which the block of data from 
said memory is to be transferred; and 

a direct memory access (DMA) controller connected 
to said central processing unit, said memory and 
said peripheral device, said DMA controller in 
cluding a DMA control register and a DMA con 
trol circuit responsive to a first code entered from 
the microcomputer system into said DMA control 
register to start transferring the block, and then 
upon entry of a second code into the DMA control 
register during the transfer, to stop the transfer 
operation within the block in a manner defined by 
the second code and then start in sequence with a 
succeeding DMA operation in response to subse 
quent entry of the first code into the DMA control 
register. 

30. A direct memory access (DMA) controller for use 
in a microcomputer system having a central processing 
unit arranged to execute data processing instructions 
and produce digital signals, memory for storing a block 
of data and connected to said central processing unit, 
and a peripheral device to which the block of data from 
memory is to be transferred, the DMA controller com 
prising: 
a DMA control register; and 
a DMA control circuit responsive to a first code 

entered from the system into said DMA control 
register to start transferring the block, and then 
upon entry of a second code into the DMA control 
register during the transfer, to stop the transfer 
operation within the block in a manner defined by 
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the second code and then start in sequence with a 
succeeding DMA operation in response to subse 
quent entry of the first code into the DMA control 
register. 

31. A DMA controller of claim 30 wherein each of 
said codes is a two bit code. 

32. A DMA controller of claim 30 wherein each of 
said codes is a multibit code entered into the same bits of 
said DMA control register. 

33. A DMA controller of claim 30 wherein said first 
code is a start code and said second code defines a 
DMA abort mode. 

34. A DMA controller of claim 30 wherein said sec 
ond code defines a stop after a current read, whereupon 
operations start in sequence subsequently with 

35. A DMA controller of claim 30 wherein said sec 
ond code defines a stop upon reaching a DMA write 
whereupon operations start in sequence subsequently 
with a read. 

36. A DMA controller of claim 30 wherein said 
DMA controller includes means operative during a 
current DMA read and responsive to a value of the 
second code defining a stop upon reaching a DMA 
write for completing the read and executing the write 
whence stop occurs. 

37. A DMA controller of claim 30 wherein the sec 
ond code has a first value which defines an uncondi 
tional abort of the transfer and a second value alterna 
tively enterable into the DMA control register which 
defines a stop within the transfer whereupon the trans 
fer is resumed upon entry of the first code. 

38. A method of direct memory access (DMA) con 
trol of a microcomputer system having a central pro 
cessing unit arranged to execute data processing in 
structions and produce digital signals, memory for stor 
ing a block of data and connected to the central process 
ing unit, a DMA control circuit with a DMA control 
register, and peripheral device to which the block of 
data from the memory is to be transferred, the method 
comprising the steps of: 

entering a first code into the DMA control register to 
start transferring the block; 

entering a second code into the DMA control register 
during the transfer to stop the transfer operation 
within the block in a manner defined by the second 
code; and 

starting the transfer again in sequence with a succeed 
ing DMA operation in response to subsequent 
entry of the first code into the DMA control regis 
ter. 

39. The method of claim 38 wherein each of said 
codes is a multibit code entered into the same bits of the 
DMA control register. 

40. The method of claim 38 wherein said second code 
can have a plurality of values defining different aborts 
of the transfer. 

s k s 
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(57) ABSTRACT 
A microcomputer is disclosed which provides for a 
dedicated DMA data and address bus connecting an 
on-chip DNA controller with on-chip memories, and 
with on-chip ports for access to external memory and 
input/output devices. The DMA controller contains a 'd 23 
control register which has two start bits, capable of H2A 
representing four start codes. The four start codes allow 
for the unconditional starting and aborting of a DMA ld 23 
transfer, as well as for stopping the DMA after the 
current read or write operation, or after the next write 
operation (i.e., completion of a data word transfer). The 
control register also contains two status bits which the 
DMA controller writes with the status of the DMA 
operation, and also contains two synchronization bits 
for synchronizing the DMA operation in the source, 
destination, or source and destination modes (or not at 
all). Two interrupt enable registers are provided in the 
microcomputer, for independently enabling interrupts 
for the CPU and the DMA. In any of the synchroniza 
tion modes, the DMA will suspend its operation await 
ing an interrupt which is not enabled for the CPU but 
which is enabled for purposes of DMA. The use of 
system interrupts for DMA synchronization does not 
require dedicated DMA interrupt terminals for the 
microcomputer. 

40 Claims, 14 Drawing Sheets 
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and a second dedicated memory must be provided as 
program memory in the Harvard architecture. This 
limits the flexibility of the microcomputer, by prevent 
ing the use of unutilized data memory for program 
storage, and vice-versa. 

Direct memory access (DMA) is another useful func 
tion for both general and special purpose microcomput 
ers, and is an especially useful function in digital signal 
processing applications. As the performance of mi 
crocomputers has increased over time, the rate at which 
data and instructions must be provided from memory 
has also increased. On-chip DMA controllers have been 
used to relieve the central processing unit from control 
ling the provision of data and instructions to itself. 
However, control of the start and stop of a DMA trans 
fer has been accomplished by way of a single signal, 
such as a bit in a DMA control register, which has 
provided for inflexible control of the DMA operation, 
as once the DMA transfer has begun, it may not be 
stopped prior to the completed transfer of the entire 
block except by a full abort of the transfer of the block. 
Such inflexibility in the control of the DMA operation 
may waste machine cycles in certain situations, as either 
the central processing unit must idle awaiting the com 
pletion of the DMA transfer of the entire block, or the 
DMA must be unconditionally aborted and subse 
quently restarted (wasting DMA cycles). 

It would therefore be advantageous to be able to 
control DMA operation to be held at states within the 
operation, so as to allow the DMA operation to occur at 
the most efficient times, such as when not in conflict 
with the central processing unit. Such control would 
help reduce the amount of time that the central process 
ing unit is not performing useful operations, increasing 
the overall performance of the microcomputer accord 
ingly. 

It is therefore an object of this invention to provide a 
microcomputer with an on-chip DMA controller which 
has the capability of holding the transfer at various 
states therein. 

It is yet another object of the invention to provide 
such capability by using multiple bits in a control regis 
ter to select the hold states. 

It is yet another object of the invention to utilize 
system interrupts, rather than dedicated interrupt termi 
nais, for the synchronization of the DMA operation 
with external memory devices. 

Further objects and advantages of the instant inven 
tion will become apparent to those of ordinary skill in 
the art having reference to the following specification, 
together with its drawings. 

SUMMARY OF THE INVENTION 
The invention may be incorporated into a microcon 

puter which has an on-chip direct memory access 
(DMA) controller, for effecting DMA transfers with 
out requiring intervention of the central processing unit. 
The DMA controller contains a control register, for 
receiving a code indicating the desired start/stop condi 
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tion for the DMA transfer. This code is capable of 65 
unconditionally aborting the DMA transfer, for indicat 
ing that the DMA controller is to stop upon completion 
of the current read or write operation, and for indicat 

4. 
ing that the DMA controller is to stop upon completion 
of the next write operation. In addition, the code may 
cause the DMA controller to unconditionally restart 
the DMA operation from its present state, such as re 
starting it if stopped after a read operation, or within a 
block being transferred. The DMA controller places 
status codes in a control register, which can be read by 
the remainder of the microcomputer. The DMA con 
troller may also be source and/or destination synchro 
nized by enabling system interrupts to affect only the 
DMA operation. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an electrical diagram, in block form, of a 
microcomputer constructed according to the invention. 
FIG. 2 is an electrical diagram, in block form, of the 

central processing unit of the microcomputer of FIG. 1. 
FIG. 2a is an electrical diagram, in block form, of an 

auxiliary arithmetic logic unit incorporated in the cen 
tral processing unit of FIG, 2. 
FIG. 3. is an electrical diagram, in block form, of the 

peripheral ports of the microcomputer of FIG. 1. 
FIG. 4 is an electrical diagram, in block form, of the 

controller of the microcomputer of FIG. 1. 
FIG. 4ais a timing diagram illustrating the pipeline 

feature performed by the controller illustrated in FIG. 
4. 
FIG. 4b is a diagran illustrating the interrupt enable 

registers for the central processing unit and the DMA 
controller of the microcomputer of FIG. 1. 

FIG. 5 is an electrical diagram, in schematic form, of 
logic within the controller of FIG. 4, useful in the arbi 
tration of accesses to various memory entities within the 
microcomputer of FIG. 1. 

FIG. 5a is a timing diagram of memory accesses per 
formed within the microcomputer of FIG. 1, illustrat 
ing the operation of the logic cf FIG. 5. 

FIG. 6 is an electrical diagram, in block form, of the 
DMA controller of the microcomputer of FIG. 1. 
FIG. 7 is a diagram illustrating the contents of the 

control register of the DMA controller of FIG. 7. 
FIG. 8 is an electrical diagram, in block form, of the 

construction of control logic within the DMA control 
1er of FG. 7. 
FIGS. 9a and 9b are flow charts illustrating the oper 

ational sequence of a DMA operation of the DMA 
controller of FIG. 7. 
FIG. 10 is an electrical diagram, in block form, of a 

system incorporating the microcomputer of FIG. 1. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

Referring now to FIG. 1, the architecture of a mi 
crocomputer 10 is shown, said microcomputer being 
specially adapted to digital signal processing and incor 
porating the instant invention. The major functional 
blocks of microcomputer 10 are constituted by central 
processing unit (CPU) 12, controller 14, and direct 
memory access (DMA) controller 22. The memory 
contained in microcomputer 10 according to this en 
bodiment of the invention includes random access men 
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operand is read by CPU 12 via data bus 30 while the 
instruction code is read via program bus 34; assuming 
that both reside in different memories 16, 18 or 20, or 
one residing in external memory, no bus conflict will 
OCC. 

During the fourth cycle of the system clock, instruc 
tion n will be executed under the control of sequential 
logic 202b in control logic 202, the read operation for 
instruction n+1 will be effected by sequential logic 
202b, the instruction code for instruction n+2 will be 
decoded, and the instruction code for instruction n--3 
will be fetched. Accordingly, the pipeline for mi 
crocomputer 10 will be filled, and the performance of a 
sequence of instructions will be optimal, subject to bus 
conflicts and to memory access conflicts which may, for 
certain instruction combinations, cause a wait cycle for 
one of the operations. 

Data lines 30d of data bus 30 are received by control 
ler 14, for control of the program flow in other than 
incremental fashion, such as a branch instruction, re 
quiring that program counter 92 be loaded by CPU 12 
or from memory. For example, in the event of an un 
conditional branch, the value of an operand contained 
in the instruction code, read from memory, or read from 
a register in CPU 12 may contain the address of the 
memory location containing the next instruction code 
to be executed. Program counter control logic 204 will 
then receive the value presented upon data lines 30d, 
and load program counter 92 accordingly, so that pro 
gram control can pass to the desired location. 
As illustrated in FIG. 4, program counter control 

logic 204 contains an adder 203 which receives the 
contents of program counter 92. Control logic 202 
(preferably combinatorial logic 202a therein), controls 
adder 203 so that generation of the contents of program 
counter 92 for the next cycle may be performed in a 
variety of manners. As explained above, adder 203 may 
merely increment the prior contents of program 
counter 92, to step through the instruction sequence. 
However, program counter control logic 204 further 
contains an register 205, which can receive a value from 
data lines 30d of data bus 30. Program counter control 
logic 204 can thus calculate the contents of program 
counter 92 in various ways. For example, branching to 
a relative address (relative to program counter 92) may 
occur by way of loading register 205 with a value pres 
ented on data lines 30d of data bus 30; this value could 
then be added to the prior contents of program counter 
92 to generate a new value for program counter 92. In 
addition, an absolute branch may be effected by loading 
register 205 with the desired memory address from data 
lines 30d of data bus 30, and by control logic 202 caus 
ing adder 203 to perform a "zero-add” with the contents 
of register 205 for application to program counter. 

It should be further noted that microcomputer 10 is 
capable of performing a "delayed" branch instruction, 
so that the branch instruction is fetched three instruc 
tions before it is actually to occur. The delayed branch 
instruction, when executed, loads register 205 with the 
destination memory address of the branch as in a direct 
branch. However, control logic 202 will continue to 
increment the contents of program counter 92 for the 
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next three instructions following the execution of de 
layed branch instruction. Upon the third instruction, 
adder 203 will apply the contents of register 205 to 
program counter 92, thereby effecting the branch while 
continuing to take advantage of the pipeline scheme. 
The pipeline may, of course, remain full after the 
branch, as the destination location may continue to be 
incremented as before by adder 203. 

Controller 14 further includes interrupt logic 250, 
which is connected to a plurality of external terminals 
of microcomputer 10, to controller 14, and to various o 
the functions within microcomputer 10. Interrupt logic 
250 serves the purpose of receiving interrupt signals 
presented to microcomputer 10 on the RESET terminal 
and on terminals INTO through INT3, and receiving 
interrupt signals generated internally to microcomputer 
10 from various functions such as serial port 42 and 
DMA controller 22. An example of such an internal 
interrupt signal is shown in FIG. 4 by line 312, which is 
an interrupt signal from DMA controller 22. Contained 
within CPU 12 as a control register are CPU interrupt 
enable register 252 and DMA interrupt enable register 
253, each of which is a memory-mapped addressable 
register, and the contents of which specify whether 
each of the interrupt signals is enabled or disabled. Re 
sponsive to the receipt of a CPU-directed interrupt 
signal which is enabled by the contents of interrupt 
enable register 252, either from terminals INTO through 
INT3 or from internal to microcomputer 10, and if 
controller 14 indicates that an access to an input/output 
memory location is not current, interrupt logic 250 will 
cause program counter 92 to be loaded with a memory 
address corresponding to the particular interrupt signal 
(the "interrupt vector"), and the execution of the pro 
gram will continue from the interrupt vector location 
forward. Responsive to an instruction code generally 
included in the interrupt handling routine called by the 
interrupt vector, interrupt logic 250 will generate inter 
rupt acknowledge signals on line INTA for external 
interrupts and, for example, on line 314 for the internal 
interrupt signal for DMA controller 22. As is well 
known in the art for such an operation, controller 14 
will cause the prior contents of program counter 92 to 
be stored in a predetermined memory location (gener 
ally called a "stack"), so that the location of the instruc 
tion code which would have been fetched next will be 
reloaded after the interrupt has been serviced. 
As will be explained in greater detail below, DMA 

controller 22 utilizes the same system interrupts as CPU 
12 in the synchronization of DMA operations, so that 
microcomputer 10 does not require dedicated external 
terminals for DMA synchronization. Accordingly, 
DMA interrupt enable register 253 contains data similar 
in function to that of CPU interrupt enable register 252. 
It should be noted that in the handling of system inter 
rupts, priority must necessarily be assigned between the 
CPU and DMA system interrupts, in order to avoid 
ambiguity in the effect of such interrupts. Since the 
DMA operations are intended to be transparent to the 
operation of CPU 12, it is therefore preferable to pro 
vide that an interrupt which is enabled both by CPU 
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nation address. This operation as described herein does 
not require the intervention of CPU 12 and, since DMA 
bus 38 provides a separate address and data path for 
DMA purposes, can allow such a DMA operation to 
take place simultaneously with program and data ac 
cesses in the normal operation of microcomputer 10. 
DMA operations can thus occur essentially transparent 
to the operation of microcomputer 10, greatly enhanc 
ing its performance. 

It should further be evident from the above descrip 
tion that the use of multiple start bits 300a/b provides 
for an increased level of control of the DMA operation. 
Microcomputer 10 can abort the DMA operation at 
various places throughout the operation (steps 802,826, 
836, and 846, for example). However, the option of 
aborting the DMA at the end of the current operation 
(start code 01), allows for the completion of a read 
cycle once it has begun, allowing the DMA transfer to 
begin again directly with a write, and without repeating 
the read cycle. In addition, further flexibility is pro 
vided by providing the start code which allows for 
completion of a complete read/write transfer, further 
minimizing the necessity of repeated operations if only 
a full abort is provided. 

It should further be evident that the remainder of 
microcomputer 10 can read status information written 
by DMA controller 22 in status bits 300c/d by way of 
peripheral bus 28, as control register 300 is memory 
mapped into the address space of microcomputer 10. In 
addition, the use of system interrupts to synchronize the 
DMA operation with either or both the source and 
destination memories removes the need for dedicated 
interrupt terminals of microcomputer for the operation 
of DMA synchronization. 
Although the invention has been described in detail 

herein with reference to its preferred embodiment, it is 
to be understood that this description is by way of ex 
ample only, and is not to be construed in a limiting 
sense. It is to be further understood that numerous 
changes in the details of the embodiments of the inven 
tion, and additional embodiments of the invention, will 
be apparent to, and may be made by, persons of ordi 
nary skill in the art having reference to this description. 
It is contemplated that such changes and additional 
embodiments are within the spirit and true scope of the 
invention as claimed below. 
We claim: 
1. A microcomputer, comprising: 
a central processing unit for performing data process 

ing instructions; 
a bus, connected to said central processing units; 
a DMA control register connected to said central 

processing unit for storing a start code of at least 
two bits; and 

a DMA controller, connected to said bus and to said 
DMA control register, for reading data from said 
bus by placing a source memory address signal 
thereupon and receiving data therefrom, and for 
writing data to said bus by placing a destination 
memory address signal thereupon and presenting 
data thereto, said reading and writing repetitively 
performed constituting a DMA transfer of a block, 
wherein said DMA controller begins said DMA 
transfer responsive to a first value of said start 
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code, said DMA controller further operable in 
selectable ways to stop said DMA transfer includ 
ing a first way that aborts said DMA transfer upon 
completion of a next instance of said writing re 
sponsive to entry of a second value of said start 
code into said DMA control register during a read 
in said DMA transfer, and a second way that aborts 
said DMA transfer responsive to entry of a third 
value of said start code. 

2. The microcomputer of claim 1, wherein said DMA 
controller aborts said DMA transfer upon completion 
of the current reading or writing step responsive to a 
fourth value of said start code. 

3. The microcomputer of claim 1, wherein said DMA 
control register further is for storing a status code writ 
ten thereto by said DMA controller, said status code 
indicating the status of the DMA transfer being per 
formed by said DMA controller. 

4. The microcomputer of claim 3, wherein a first 
value of said status code indicates that said DMA con 
troller has completed the reading of data from said bus. 

5. The microcomputer of claim 4, wherein a second 
value of said status code indicates that said DMA con 
troller has completed the writing of data to said bus. 

6. The microcomputer of claim 1, further comprising 
a memory connected to said bus, which is addressable 
by an address signal on said bus and which communi 
cates data to and from said bus. 

7. The microcomputer of claim 6, further comprising 
a peripheral port connected to said bus and an external 
memory connected to said peripheral port. 

8. The microcomputer of claim 1, further comprising 
a peripheral port connected to said bus and an external 
memory connected to said peripheral port. 

9. A data processing system comprising: 
a memory; 
an external bus connected to said memory; and 
a microcomputer, comprising: 
a central processing unit for performing data process 

ing instructions; 
an internal bus, connected to said central processing 

unit; 
a memory port, connected between said internal bus 
and said external bus, for communicating address 
and data signals therebetween; 

a DMA control register connected to said central 
processing unit for storing a start code of at least 
two bits; and 

a DMA controller, connected to said internal bus and 
to said DMA control register, for reading data 
from said internal bus by placing a source memory 
address signal thereupon and receiving data there 
from, and for writing data to said internal bus by 
placing a destination memory address signal there 
upon and presenting data thereto, said reading and 
writing repetitively performed constituting a 
DMA transfer of a block, wherein said DMA con 
troller begins said DMA transfer responsive to a 
first value of said start code, said DMA controller 
further operable in selectable ways to stop said 
DMA transfer including a first way that aborts said 
DMA transfer upon completion of a next instance 
of said writing responsive to entry of a second 
value of said start code into said DMA control 

  


